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PREFACE 


WAR  has  wakened  che  world  to  the  importance  of  science.  Young 
men  anxious  to  prepare  for  any  branch  of  the  service  have  come 
to  realize  that  mathematics  and  science  are  the  two  "musts  "  among 
the  many  and  varied  subjects  offered  in  modern  school  curriculums. 
School  authorities  recognize  that  for  intelligent  living  in  an  indus- 
trial world  science  must  be  taught,  not  only  in  the  senior  high 
school,  but  throughout  the  whole  school  program. 

In  the  junior  high  school  the  pupils  have  not  yet  passed  out  of 
the  age  of  wonder.  "Why?"  and  "What  makes  it  go?"  are  com- 
monly on  their  lips.  They  are  at  an  age  when  it  is  easy  for  them 
to  acquire  the  scientific  attitude  of  mind  so  necessary  in  citizens 
of  a  democracy.  The  foregoing  considerations  have  greatly  influ- 
enced preparation  of  this  series. 

Understanding  of  concepts  is  very  desirable,  but  it  is  not  the 
ultimate  goal.  It  is  necessary  in  addition  that  pupils  develop  a 
scientific  approach  to  problems,  and  be  able  to  apply  principles  in 
their  solution.  The  true  aim  of  instruction  is  to  foster  such  insight 
and  understanding,  in  order  that  science  may  not  remain  a  mystery 
or  a  matter  of  abstract  theory,  but  be  applied  in  the  decisions  and 
actions  of  everyday  life. 

This  book  has  been  organized  in  units,  their  selection  being 
determined  by  the  content  of  syllabi  used  in  leading  cities  and 
states  throughout  the  country.  Each  unit  is  organized  in  the  form 
of  problems,  the  solution  of  which  leads  to  a  comprehension  of  the 
unit.  The  problems  are  again  divided  into  problem-questions,  each 
one  of  which  may  represent  one  period  of  work.  The  Review 
Questions  and  tests  at  the  end  of  each  unit  are  designed  to  assist 
both  teachers  and  pupils  in  checking  desirable  outcomes.  Par- 
ticular attention  is  called  to  the  items  designed  to  check  scientific 
attitudes. 

The  authors  wish  to  express  their  appreciation  to  Francis  W. 
Sears  of  the  Massachusetts  Institute  of  Technology,  and  to  the 
Massachusetts  Institute  of  Technology  for  their  assistance  in 
taking  many  of  the  photographs  in  this  book. 


CONTENTS 

Unit  I.     SCIENCE     AND     THE 
WAY     OF     A     SCIENTIST 


SOME  RECENT  SCIENTIFIC  DISCOVERIES          .  I 

HOW  OUR  KNOWLEDGE  OF  SCIENCE  GROWS  GREATER  AND 

GREATER        4 

LEARNING  TO  WORK  AS  A  SCIENTIST 8 

HOW  SCIENTISTS  REACH  THEIR  CONCLUSIONS        ....  10 

WHY  YOU  STUDY  SO  MANY  DIFFERENT  TOPICS  12 


Unit  II.     AIR     AND     YOU 


PROBLEM  A.     Is  Air  a  Real  Substance?  .  16 

PROBLEM-QUESTION  1.     Is  an  empty  bottle  really  empty?  16 

PROBLEM-QUESTION  2.     Does  air  have  weight?         .      .  19 

PROBLEM-QUESTION  3.     How  does  the  air  keep  a  glider 

aloft? 23 

PROBLEM-QUESTION  4.     Does  still  air  push  against  ob- 
jects?          27 

PROBLEM  B.    How  Is  Air  Related  to  Fire? 31 

PROBLEM-QUESTION  1.     Will  a  fire  burn  without  air?     .  31 

PROBLEM-QUESTION  2.     Do  fires  take  anything  from  or 

add  anything  to  the  air?      .       .  35 

vii 


PROBLEM  C.     Can  Living  Things  Do  Without  Air?          .      .  38 

PROBLEM-QUESTION  1.     What   makes   air   go    into    the 

lungs? 38 

PROBLEM-QUESTION  2.     How  do  you  breathe?    ...  41 

PROBLEM-QUESTION  3.     How    does    exhaled    air    differ 

from  ordinary  air?       ...  43 

PROBLEM-QUESTION  4.     Do  plants  need  air?      ...  46 


PROBLEM  D.     Could  We  Hear  if  There  Were  No  Air?     .       .     48 
PROBLEM-QUESTION  1.     What  causes  sound?     ...     48 

PROBLEM-QUESTION  2.  Is  air  needed  to  'carry  the  mo- 
tion of  a  sounding  body  to  the 
ear?  51 


Unit  III.     WATER     AND     LIFE 


PROBLEM  A.     Where  Does  Water 

Occur?  59 


PROBLEM-QUESTION  1.     Where     is    the    earth's    water 

found? 59 

PROBLEM-QUESTION  2.     Is  there  much  water  in  living 

things? 61 

PROBLEM  B.  How  Does  Water  Change  Form?  ...  64 
PROBLEM-QUESTION  1.  Is  water  always  wet?  ...  65 
PROBLEM-QUESTION  2.  How  are  clouds  formed?  .  .  67 

PROBLEM  C.     Will  Water  Dissolve  Most  Things?      ...     71 

PROBLEM-QUESTION  1.     What  are  some  things  that  water 

can  dissolve? 71 

PROBLEM-QUESTION  2.     How  may  dissolved  minerals  be 

taken  from  water?         .       .       .75 

viii 


PROBLEM-QUESTION  3.     Can  Water  Dissolve  Gases?  .     .  77 

PROBLEM  D.     How  Do  Living  Things  Get  Water?     ...  79 

PROBLEM-QUESTION  1.     How  do  plants  get  the  water  they 

need? 80 

PROBLEM-QUESTION  2.     How  do  we   get  the  water  we 

need?  82 


Unit  IV.     THE     CHANGING 
EARTH 

PROBLEM  A.     What  Are  Rocks  and  How 

Are  They  Changed?      .       .     88 

PROBLEM-QUESTION  1.     Of  what  is  our  earth  made?        .     89 

PROBLEM-QUESTION  2.     How  are  earth  materials  changed 

by  heating  and  cooling?      .      .    93 

PROBLEM-QUESTION  3.     How  are  earth  materials  changed 

by  great  heat  and  pressure?       .     96 


PROBLEM  B.     What  Are  Some  of  the  Rocks  of  the 

Earth's  Crust? 99 

PROBLEM-QUESTION  1.     What  do  we  mean  by  igneous 

rocks? 100 

PROBLEM-QUESTION  2.     What  are  sedimentary  rocks?    .  103 

PROBLEM-QUESTION  3.     What  do  we  mean  by  metamor- 

phic  rocks? 106 


PROBLEM  C.     What  Are  Other  Ways  in  Which  the  Earth 

Has  Been  Changed? 108 

PROBLEM-QUESTION  1.     What  do  fossils  teach  us  about 

changes  in  our  earth?          .      .  108 

PROBLEM-QUESTION  2.     How  do  weather  and  wind  change 

the  earth's  surface?       .       .       .111 

ix 


PROBLEM-QUESTION  3.     How    does    water    change    Ihe 

earth? 114 

PROBLEM-QUESTION  4.     How  does  ice  change  the  earth?     117 

PROBLEM-QUESTION  5.     What  changes  on  the  earth  have 

been  caused  by  climate?       .       .119 


Unit  V.     LIVING     THINGS 

PROBLEM  A.      What  Is  the  Nature 

,-^wpr*  of  Life?    ...  .126 

•    '     i 

PROBLEM-QUESTION  1.  What  are  living  things?       .       .  127 

PROBLEM-QUESTION  2.  How  are  living  things  similar?     131 

PROBLEM-QUESTION  3.  How  do  living  things  differ?      .  134 

PROBLEM-QUESTION  4.  How  do  living  things  survive?    .  137 

PROBLEM  B.     How  Do  We  Use  Plants  and  Animals?       .       .  142 

PROBLEM-QUESTION  1.     How  have  men  made  increased 

use  of  plants  and  animals?       .  143 

PROBLEM-QUESTION  2.     Why  is  conservation  necessary?    147 

Unit  VI.    FOOD 


PROBLEM  A.     How  Do  Plants  and  Animals 

Get  Their  Foods?    ,  .  155 


PROBLEM-QUESTION  1.     How  do  green  plants  get  foods?     155 
PROBLEM-QUESTION  2.     What  do  animals  eat?         .       .158 

PROBLEM-QUESTION  3.     How     do     animals     get     their 

food? 162 

PROBLEM-QUESTION  4.     What  do  we  eat?    .       .       .       .164 

X 


PROBLEM  B.     What  Substances  Are  Found  in  Foods  and 

How  Are  They  Used? 168 

PROBLEM-QUESTION  1.     What  is  the  nature  of  food?       .  168 
PROBLEM-QUESTION  2.     What  are  vitamins?      .      .      .  171 

PROBLEM-QUESTION  3.    How  do  plants  and  animals  use 

foods? 175 


Unit   VII.     ENERGY     AND 
THE     SUN 


PROBLEM  A.     What  Is  Work  and 

How  Is  It  Done?    .      .      .182 

PROBLEM-QUESTION  1.     What  is  the  most  common  pull?   182 

PROBLEM-QUESTION  2.     Can  anything  start  moving  by 

itself? 185 

PROBLEM-QUESTION  3.     Is  a  force  always  needed  to  stop 

a  moving  object?    ....  188 

PROBLEM-QUESTION  4.     What  is  energy?    ....  191 

PROBLEM-QUESTION  5.     What  is  the  source  of  most  of  our 

energy? 194 


PROBLEM  B.  How  Do  Machines  Help  Us  Do  Work?  .  .  198 
PROBLEM-QUESTION  1.  What  is  a  machine?  .  .  .  198 
PROBLEM-QUESTION  2.  How  are  levers  used?  .  .  .  201 


Unit  VIII.     HEALTH 


PROBLEM  A.    How    Can    the    Body    be 

Protected  Against  Disease?    211 


PROBLEM-QUESTION  1.     What  is  the  nature  of  the  human   212 
body? 

XI 


PROBLEM-QUESTION  2.     How  can  we  guard  against  dis- 
ease?          216 

PROBLEM-QUESTION  3.     How  are  insects  related  to  dis- 
ease?          219 

PROBLEM-QUESTION  4.     How  should  we  deal  with  illness?  223 

PROBLEM-QUESTION  5.     How  may  we  take  care  of  our 

bodies? 226 

PROBLEM  B.     How  Can  We  Deal  with  Accidents?     .       .       .  229 
PROBLEM-QUESTION  1.     How  may  accidents  be  avoided?    231 

PROBLEM-QUESTION  2.     What  should  be  done  about  minor 

injuries?          .       .       .       .       .  234 

PROBLEM-QUESTION  3.     What  is  First  Aid?      .      .      .  237 

BIBLIOGRAPHY 243 

GLOSSARY 245 

INDEX i 

INDEX  OF  EXPERIMENTS  i 


Unit  One 

Science  and  the  Way 
of  the  Scientist 


**SJ   EVA  X 


SCIENCE  AND  THE  WAY  OF 
THE  SCIENTIST 


SOME  RECENT  SCIENTIFIC  DISCOVERIES 

Airplanes.  Have  you  had  your  first  ride  in  an  air- 
plane? If  so,  you  may  have  been  surprised  that  it  did 
not  feel  in  any  way  like  being  in  an  automobile.  If  the 
plane  was  a  closed  one,  you  had  little  or  no  sense  of 
speed,  partly  because  you  could  not  feel  the  wind  against 
your  face  and  partly  because  you  were  passing  over 
houses  and  trees  rather  than  going  by  them.  You 
probably  had  no  awareness  of  height,  and  felt  perfectly 
secure. 

There  are  many  kinds  of  modern  airplanes.  They 
include  some  that  are  not  much  larger  than  a  big  auto- 
mobile and  are  very  easy  to  fly.  Fighter  planes  are 
sometimes  small,  too,  but  they  have  powerful  engines 
and  fly  at  speeds  of  over  three  hundred  miles  an  hour. 
Then  there  are  the  large  transport  and  bombing  planes. 
Some  of  these  are  huge  ships  of  the  air,  weighing  one 
hundred  tons  or  more  and  able  to  carry  either  a  large 
group  of  persons  or  tons  of  freight.  There  are  also 
planes,  both  large  and  small,  that  are  built  to  rise  from 
and  alight  on  the  water. 

Can  you  remember  the  old  planes  of  only  a  few  years 
ago?  They  had  four  and  even  six  wings.  When  we 
compare  them  with  what  we  have  today,  they  were 
slow  and  awkward.  For  one  thing,  they  were  only 
partly  streamlined,  and  their  landing  gear  hung  down 
below  when  they  were  in  flight.  Today  airplanes  are 
carefully  streamlined,  so  that  they  are  not  held  back  by 
air  resistance.  Even  the  landing  gear  is  now  drawn  up 
into  the  body  of  the  plane  when  it  is  in  flight.  Scien- 
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lists  have  made  careful  studies  of  wing  length  and  curva- 
ture in  order  to  perfect  designs  suited  to  many  different 
purposes. 

Air  routes  cross  broad  deserts  and  vast  tropical  jun- 
gles where  there  are  not  even  wagon  trails.  Some 
planes  fly  at  such  great  heights  that  oxygen  must  be 
supplied  to  the  passengers.  Such  planes  must  be  heated 
even  in  the  hottest  weather  to  withstand  temperatures 
that  are  far  below  zero.  This  tremendous  development 
in  airplanes  has  been  the  result  of  work  carried  on  by  a 
great  number  of  scientists  and  experimenters  during  the 
brief  period  of  forty  years. 

Plastics.  Some  of  the  newest  planes  are  made  in 
part  of  substances  called  plastics  that  did  not  exist  a 
few  years  ago,  but  which  were  created  as  a  result  of 
experiments  carried  on  in  scientific  laboratories.  About 
a  hundred  years  ago  an  American  scientist  was  trying  to 
find  a  substitute  for  ivory  in  making  billiard  balls.  He 
did  not  find  what  he  wanted,  but  he  did  find  a  way  of 
treating  cotton  to  get  celluloid.  Thereafter  for  a  num- 
ber of  years  men  and  boys  wore  celluloid  collars.  Every- 
thing from  babies'  rattles  to  brushes  and  combs  were 
made  from  this  first  plastic.  Now  we  have  many  differ- 
ent kinds  of  plastics  made  from  such  things  as  coal,  oil, 
soy  beans,  wood  fiber,  cotton,  and  other  materials  that 
come  from  plants.  They  are  being  used  to  build  not 
only  parts  of  airplanes,  but  parts  of  automobiles,  radio 
sets,  and  all  sorts  of  things  that  we  use,  including  even 
clothing. 

One  of  the  most  important  plastics  is  now  being  made 
from  either  coal  or  petroleum.  Some  people  call  it 
synthetic  rubber,  but  it  is  not  a  true  rubber.  It  is,  how- 
ever, as  good  as  rubber  for  some  purposes  and  better 
than  rubber  for  others.  For  example,  it  makes  a  better 
lining  than  rubber  in  the  fuel  tanks  of  airplanes  because 
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it  is  far  less  likely  to  crack.  When  you  read  of  self- 
sealing  gas  tanks  on  airplanes  you  will  know  that  they 
are  lined  with  this  material. 

When  you  have  a  tooth  filled,  the  dentist  may  use  a 
plastic  instead  of  some  metal  like  gold.  He  will  prepare 
the  cavity  in  the  tooth  and  make  a  small  wax  impres- 
sion of  it.  This  is  used  in  making  a  filling  to  fit  the 
cavity.  The  filling  itself  is  made  from  a  plastic  powder 
and  a  liquid  to  which  a  little  coloring  matter  is  added  so 
that  it  will  be  the  same  color  as  the  rest  of  your  teeth. 
The  matching  of  the  color  is  done  in  much  the  same  way 
that  girls  match  face  powder  to  their  complexions. 

It  is  no  longer  necessary  to  get  bristles  from  pigs  to 
make  brushes.  These  can  be  made  from  plastics.  So 
can  playing  cards:  they  are  much  more  durable  than 
those  made  of  paper.  You  have  probably  seen  belts 
and  suspenders  made  from  plastics,  and  you  may  own  a 
camera  with  a  plastic  case.  Even  more  important  than 
such  things  are  the  glasslike  plastics  which  do  not  break 
or  shatter  and  are  therefore  much  safer  to  use  than 
glass. 

Sulfa  drugs.  Other  discoveries  of  our  time  have 
given  us  some  new  drugs.  For  the  first,  time  in  history 
we  have  a  real  weapon  against  one  of  the  large  and  dan- 
gerous groups  of  germs.  These  germs  cause  such  dis- 
eases as  pneumonia  and  various  kinds  of  blood  poison- 
ing. 

The  story  goes  back  to  the  early  days  of  the  twentieth 
century  when  an  almost  unknown  chemist  found  a  new 
substance  that  had  been  made  from  coal  tar.  At  the 
time,  such  materials  were  used  largely  as  dyes,  and  his 
discovery  seemed  to  have  little  importance.  Time 
went  on  and  another  man  tried  the  new  dye  in  some 
laboratory  experiments.  He  was  not  interested  in 
dyes,  however,  but  in  their  possible  effects  upon  germs. 

3 


god  Liver  Oil 

With  Hypopbosphites 


Culver  Service 

FIGURE  1.  This  old  advertisement  for  cod- 
liver  oil  was  common  long  before  vitamins 
were  discovered. 


He  gave  the  substance  to 
mice  which  had  pneumonia, 
and  found  that  some  of  them 
recovered. 

Other  scientists  were  inter- 
ested, and  soon  this  substance 
and  others  that  are  closely 
related  were  being  tested  in 
many  laboratories.  Surpris- 
ingly good  results  began  to 
come  from  some  of  the  exper- 
iments and  doctors  every- 
where began  to  use  the  so- 
called  sulfa  drugs.  Some  of 
these  were  soon  found  to  be 
better  and  safer  than  others. 
As  a  result,  hundreds  of 
people,  who  would  have  died 
from  pneumonia  and  many 
other  diseases,  are  alive  and 
well  today.  Meanwhile,  the 
tests  still  go  on  in  many  labor- 
atories, and  new  findings  are 
reported  almost  every  day. 


HOW  OUR  KNOWLEDGE  OF  SCIENCE  GROWS 
GREATER  AND  GREATER 

While  some  one  person  may  get  the  credit  for  an  in- 
vention or  discovery,  you  must  remember  that  he  has 
made  use  of  many  facts  discovered  by  others.  Even 
such  men  as  Edison  and  Bell  made  use  of  facts  discov- 
ered by  other  scientists  in  Europe  and  in  America.  So 
we  may  say  that  our  present  knowledge  of  science  is  the 
result  of  a  growth.  As  a  sample  of  growth,  let  us  take 
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the  story  of  the  vitamins,  about  which  you  hear  so 
much. 

The  story  of  vitamins.  Long  before  anyone  even 
dreamed  of  such  things  as  vitamins,  it  was  known  that 
when  some  rather  strange  things  were  eaten  they  had  a 
helpful  effect  upon  health.  One  of  these  substances 
was  the  juice  of  a  small  fruit,  quite  like  a  lemon,  called  a 
lime.  Another  one  was  an  oil  taken  from  the  livers  of 
codfish. 

Over  three  hundred  years  ago  the  English  found  that 
many  of  their  sailors  became  sick  on  long  voyages. 
They  had  aches  and  pains  and  often  severe  nosebleed. 
Many  died  from  this  disease  which  they  called  scurvy. 
No  one  knew  the  cause,  but  it  was  found  that  the  sailors 
who  drank  lime  juice  did  not  get  scurvy.  So  lime 
juice  became  a  regular  part  of  the  food  of  English  sail- 
ors. 

Later  it  was  discovered  that  for  some  reason  babies 
and  young  children  grew  better  and  had  stronger  bones 
and  better  teeth  if  they  were  fed  cod-liver  oil.  No  one 
knew  why;  it  was  just  a  fact. 

The  Japanese  sailors,  as  well  as  many  of  the  people 
in  the  Far  East,  also  suffered  from  a  serious  disease 
which  they  called  beriberi.  These  sailors  lived  chiefly  on 
polished  rice.  This  is  rice  from  which  the  outer  husks 
have  been  removed.  When  the  Japanese  heard  about 
the  lime-juice  cure  which  the  English  had  used,  they 
began  to  give  their  sailors  other  foods  in  addition  to 
rice.  After  several  trials  with  different  kinds  of  food 
they  got  good  results,  but  still  no  one  really  knew  why 
the  sailors  kept  well. 

Up  to  this  time  no  experiments  had  been  tried  to  find 
the  real  cause  of  the  disease.  One  scientist,  however, 
noticed  that  chickens  fed  on  polished  rice  also  died  from 
a  disease  much  like  that  of  the  sailors.  So  he  began  to 
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do  some  experiments  with  chickens.  He  found  that 
if  the  sick  chickens  kept  on  eating  polished  rice,  they 
died,  but  if  they  were  fed  some  of  the  coatings  that 
had  been  removed  from  the  rice  along  with  their 
polished  rice,  they  got  well.  Then  he  tried  giving 
rice  husks  to  people  who  had  beriberi,  and  they  too 
recovered.  From  this  he  felt  sure  that  there  was  some- 
thing in  the  coating  of  rice  grains  that  would  prevent 
beriberi. 

Although  a  good  start  had  been  made  in  the  study 
of  foods  and  health,  it  was  not  until  1911  that  an- 
other scientist  was  able  to  get  the  helpful  substance 
from  the  rice  grains.  He  did  not  know  what  the  sub- 
stance was,  but  gave  it  a  name,  vitamin,  meaning  "life- 
giver." 

Other  scientists  found  that  rats  fed  on  a  mixture  of 
certain  pure  foods,  such  as  sugar,  starches,  fats,  and 
so  on,  became  sick  and  died.  But  if  only  a  few 
drops  of  milk  were  added  to  the  diet,  the  rats  would 
get  well.  From  this  they  felt  sure  of  two  things: 

(1)  milk  contains  something  needed  in  a  good  diet,  and 

(2)  the  amount  required  for  good  health  must  be  very 
small. 

Following  these  discoveries  came  thousands  of  ex- 
periments to  test  common  kinds  of  food  for  vitamins. 
The  one  in  rice  husks  is  now  known  as  Vitamin  Bj. 
New  ones  were  discovered  and  given  a  letter.  The  one 
in  lime  juice  that  prevents  scurvy  is  called  Vitamin  C; 
that  in  cod-liver  oil  that  prevents  rickets,  Vitamin  D, 
and  so  on  for  several  others.  You  probably  have  seen 
long  lists  of  foods  and  their  vitamins  in  magazines  and 
books. 

Now  came  what  may  prove  to  be  the  most  important 
step  in  this  growth  of  knowledge  about  vitamins.  Peo- 
ple were  now  asking  the  question,  "What  is  a  vitamin 
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FIGURE  2.     How  vitamins  look  under  a  microscope 


anyway?  Is  it  like  starch,  or  sugar,  or  salt,  or  what?" 
Of  course  this  was  a  question  for  chemists.  While 
any  of  them  could  tell  you  that  water,  for  example,  is 
H20  (two  parts  of  hydrogen  and  one  of  oxygen) ,  not  one 
of  them  knew  the  makeup  of  a  vitamin.  But  after  car- 
loads of  foodstuffs  had  been  tested,  and  after  years  of 
hard  work,  they  finally  found  the  makeup  of  some  vita- 
mins. Before  this  it  took  "  a  shipload  of  rice  polishings 
and  a  lake  full  of  water"  to  prepare  a  very  small 
quantity  of  Vitamin  BI  for  experiments.  Of  course  it 
was  far  too  expensive  for  common  use.  Having  found 
the  chemical  makeup  of  some  vitamins,  chemists  went 
to  work  to  make  them  rather  than  take  them  from 
foods  at  great  expense.  Because  they  succeeded,  peo- 
ple are  now  able  to  buy  various  vitamins  cheaply 
and  in  convenient  forms. 

Many  other  discoveries  and  inventions  have  changed 
our  world.  Compare  the  post  rider  and  covered  wagon 
with  present-day  trains,  automobiles,  ocean  liners,  and 
the  clippers  of  the  air.  Likewise,  great  changes  have 
taken  place  in  our  cities,  towns,  and  homes,  and  in  the 
things  that  we  do.  Dentists,  plumbers,  firemen,  bakers, 
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milkmen,  automobile  mechanics,  airplane  pilots,  movie 
operators,  builders,  florists,  and  miners,  all  owe  much 
of  their  success  to  the  aid  they  have  received  from 
scientists. 

LEARNING  TO  WORK  AS  A  SCIENTIST 

Reading.  You  have  just  read  about  some  of  the 
work  done  by  scientists.  Such  reading  is  one  step  in 
learning  to  work  as  a  scientist,  but  there  are  many 
others.  In  addition  to  reading,  for  example,  it  is  often 
necessary  to  make  a  careful  study  of  pictures. 

Studying  pictures.  You  can  now  see  pictures  of  all 
sorts  of  things  which  have  come  from  the  work  of  scien- 
tists. Careful  study  of  the  pictures  will  lead  you  to  a 
better  understanding  than  you  would  get  from  words 
alone.  Sometimes  you  may  watch  slow-motion  pic- 
tures, and  see  exactly  what  happens  when  the  motion 
is  so  fast  that  your  eyes  cannot  follow  it.  For  instance, 
you  can  tell  at  a  glance  that  the  falling  drop  of  milk  in 
Figure  3  is  not  a  sphere. 

Observing.  Information  about  plants  and  animals 
comes  chiefly  from  your  own  observation  and  that 
of  other  people  who  have  studied  them  directly,  both 
outdoors  and  in  the  laboratory.  So,  too,  you  learn 
about  the  non-living  things  of  our  world  through  your 
own  observations  or  those  of  others.  Whether  or  not 
you  get  the  real  truth  depends  upon  how  carefully  the 
observations  have  been  made,  and  also  on  how  honestly 


FIGURE  3.  How  does  the  shape  of  the  drop  of  milk  change  as  it  falls? 

Photograph  by  Edgerton,  M.  I.  T. 


and  accurately  they  have  been  reported.  You  must  be 
careful  that  you  do  not  report  as  an  observed  fact  some- 
thing that  you  merely  expected  to  see.  The  idea  you 
get  may  be  entirely  wrong  if  your  observation  was  care- 
less in  the  first  place.  Furthermore,  there  is  always 
danger  that  the  evidence  that  you  have  observed  is  in- 
complete, or  that  it  is  not  the  right  kind  of  evidence  to 
use  in  drawing  the  conclusion  that  you  are  attempting 
to  reach. 

Using  a  microscope.  The  microscope  is  our  most 
important  aid  in  observing  small  objects.  Through  its 
use  in  studying  germs  men  have  made  discoveries  which 
have  done  much  to  keep  us  well.  Microscopes  are  also 
in  almost  constant  use  in  factories.  You  yourself  will 
need  to  use  one,  or  pictures  taken  through  one,  in  your 
study  of  science. 

Using  a  telescope.  The  telescope  is  an  instrument 
used  to  observe  far-distant  objects.  It  has  enabled 
scientists  to  learn  about  the  stars,  the  planets,  and  our 
moon.  When  you  look  at  things  through  either  a  tele- 
scope or  a  microscope,  you  are  making  observations. 
Like  any  others  they  must  be  carefully  made  if  you  want 
to  get  the  facts. 

Using  a  camera.  Cameras  are  used  in  many  kinds  of 
scientific  work.  They  give  a  permanent  record  of  things 
that  have  been  observed.  Thus  pictures,  including 
motion  pictures,  can  be  of  great  value,  but  again  we 
have  to  be  careful.  A  picture  can  sometimes  be  very 
misleading.  The  sizes  of  different  objects,  for  example, 
may  depend  upon  where  the  camera  was  held  when  the 
picture  was  taken.  It  is  possible  to  take  a  picture  of  a 
fly  so  that  it  will  look  as  large  as  a  horse. 

Experimenting.  Probably  scientists  have  learned 
more  by  observing  the  results  of  experiments  than  in 
any  other  way.  Some  experiments  are  very  simple, 
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such  as  testing  oranges  to 
find  out  whether  they  are 
heavier  or  lighter  than 
water.  Are  you  sure  you 
know?  Others  are  very 
difficult,  such  as  finding  a 
cheap  way  to  make  a  rub- 
ber thread  from  alcohol. 
But  whether  your  experi- 
ment is  simple  or  difficult, 
when  you  have  completed 
it,  you  no  longer  have  to 
guess  at  the  answer.  The  re- 
sults speak  for  themselves. 
Of  course  if  new  facts  are 
found  by  other  experiments, 
you  must  change  your  con- 
clusion to  make  it  agree 
with  all  the  facts  that  are 

known.  You  might  find,  for  instance,  that  every  orange 
you  tested  would  float,  and  conclude  that  oranges  are 
lighter  than  water.  However,  someone  might  later 
find  a  kind  of  orange  that  would  sink.  You  would  then 
have  to  change  your  conclusion  and  say  that  some  or- 
anges float  and  others  do  not.  Scientists  constantly 
experiment  and  compare  their  results  with  the  findings 
of  others.  In  this  way  they  get  nearer  and  nearer  to 
the  whole  truth  about  such  matters  as  the  causes  of 
diseases,  the  way  plants  grow,  how  we  see  and  hear, 
and  what  electricity  really  is. 


Sonotone  Company 

FIGURE  4.  Experimenting  to  get  facts  about 
deafness  and  aids  for  hearing.  Experiments 
are  the  surest  road  to  truth. 


HOW  SCIENTISTS  REACH  THEIR  CONCLUSIONS 

Because  the  great  changes  in  our  way  of  living  are 
due  chiefly  to  the  work  of  scientists  and  to  those  who 
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think  and  act  like  them,  it  will  be  interesting  to  know 
what  a  scientist  believes. 

First  of  all  he  believes  that  it  is  his  business  to  get  the 
truth  whether  it  may  cause  people  to  make  fun  of  him  or  to 
praise  him. 

He  believes  that  to  get  the  truth  he  must  get  all  the  facts 
he  can.  Thus  he  cares  but  little  for  the  ideas  of  anyone 
unless  there  are  facts  to  support  them. 

He  has  learned  to  believe  that  when  things  happen  there 
is  a  cause.  Hence  he  thinks  the  number  13  is  just  like  any 
other  number,  neither  " lucky"  nor  " unlucky,"  and  that 
such  things  as  black  cats  and  lucky  charms  have  no  effect 
upon  life. 

A  scientist  believes  in  changing  his  mind  if  new  facts  are 
discovered  which  shed  new  light  on  a  problem. 

He  respects  the  ideas  of  others  even  though  he  may  not 
agree  with  them,  and  he  is  not  ashamed  to  say  "I  don't 
know." 

If  you  tell  him  something,  he  is  likely  to  say  to  himself, 
"I  wonder,"  or  if  you  ask  him  a  question  he  is  likely  to 
say,  "Let's  see."  He  thus  thinks  it  unwise  to  make  a 
positive  statement  until  he  has  thought  about  the  matter 
from  all  sides. 

One  of  his  strongest  beliefs  is  that  experiments  when 
possible  are  the  surest  ways  to  get  the  facts  and  to  test 
ideas. 

Science  Clubs.  Many  persons  now  believe  what  the 
scientist  believes.  You  will  be  thinking  and  experi- 
menting like  a  scientist  in  your  daily  work.  To  help 
you  get  still  more  practice  in  the  use  of  the  scientific 
method  of  doing  things,  and  in  learning  some  of  the 
hows  and  whys  of  science,  your  school  probably  has  one 
or  more  clubs  for  the  science  pupils. 

You  may  find  already  started  in  your  school  a  Cam- 
era Club,  or  a  Chemistry  Club,  or  a  Geology  Club  which 
you  may  join.  You  may  enjoy  belonging  to  a  Biology 
Club,  where  you  do  such  things  as  study  the  life  of  bees 
in  a  glass  window-sill  hive,  or  grow  plants  without  soil. 
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The  work  you  do  in  a  club  is  not  only  a  help  to  you  in 
your  learning,  but  as  one  boy  said,  "  It's  fun;  and  I  like 
to  work  with  other  people."  If  there  is  no  club  you 
care  to  join,  why  not  form  one? 

WHY  YOU  STUDY  SO  MANY  DIFFERENT  TOPICS 

As  you  look  through  your  book  you  may  wonder  why 
you  have  to  study  so  many  different  kinds  of  topics. 
The  reason  is  not  hard  to  see. 

Suppose  a  boy  really  wants  to  understand  the  game 
of  football.  Of  course  he  must  know  about  the  mark- 
ings on  the  field  and  the  size  and  position  of  the  goal 
posts.  But  he  must  know  many  other  things,  such  as 
the  proper  grasp  of  the  ball  in  passing,  the  correct  mo- 
tion of  the  leg  in  kicking,  and  the  best  position  of  the 
arms  when  falling,  so  as  to  prevent  injury.  Goal  posts 
and  grasp  of  a  ball  are  entirely  different  topics,  but  know- 
ledge of  each  of  them  and  all  the  others  are  necessary 
if  the  boy  is  to  have  a  real  understanding  of  the  game. 

A  girl  might  help  her  mother  prepare  meat,  potatoes, 
salad,  and  pie  as  parts  of  a  meal.  If  she  wants  to  know 
why  such  a  combination  is  suitable  for  a  dinner,  she 
must  study  what  each  of  the  foods  contains.  But  she 
also  ought  to  learn  how  long  to  cook  each  kind  of  food 
so  that  all  will  be  ready  at  the  same  time.  Besides,  she 
will  want  to  know  how  to  set  the  table  and  what  color 
scheme  to  use  in  making  it  attractive.  There  may  seem 
to  be  little  connection  between  cooking  potatoes  and 
making  a  pretty  flower  arrangement,  but  both  are  neces- 
sary parts  of  a  successful  dinner. 

So  it  is  with  science.  If  you  want  to  know  how  it 
will  help  you  to  keep  well  and  strong,  how  it  may  help 
you  to  earn  a  comfortable  living,  and  how  to  have  it  add 
to  your  enjoyment  of  life,  you  will  need  to  study  several 
very  different  kinds  of  topics. 
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SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  one  pupil  had  read  about  the  use  of  lime 
juice  by  English  sailors  he  said,  "Now  I  see  why  they 
are  called  'limeys."      When  told  that  the  name  had 
nothing  to  do  with  lime  juice,  but  probably  came  from 
the  word  "Limehouse,"  a  name  given  to  a  part  of  the 
city  of  London,  he  seemed  surprised. 

What  did  the  pupil  do  that  a  real  scientist  would  not 
have  done,  and  thus  come  to  a  false  conclusion? 

2.  The  pupil  might  well  have  said :  "  I  wonder  if  that's 
the  reason  English  sailors  are  sometimes  called  'lim- 
eys'?" 

Give  at  least  two  reasons  why  this  remark  would 
have  been  much  better  than  the  one  he  first  made. 

3.  Give  a  reason  why  a  scientist  does  not  think  it  is 
unlucky  to  do  such  things  as  walk  under  a  ladder,  or 
stand  under  an  open  umbrella  inside  a  house. 

4.  For  years  many  persons  thought  it  was  better  not 
to  take  water  with  their  meals.    They  thought  it  would 
keep  food  from  digesting  quickly.      When  scientists 
finally  tested  this  idea  by  experimentation,  they  found, 
to  the  surprise  even  of  physicians,  that  water  helped 
digestion  rather  than  preventing  it.     So  today  people 
generally  drink  all  the  water  they  wish. 

What  two  statements  of  the  beliefs  of  scientists  (page 
11)  does  this  account  illustrate? 

5.  From  what  you  have  read  in  this  book  give  an 
example  of  how  science  has  helped  (1)  to  relieve  pain; 
(2)  to  improve  health;  (3)  to  improve  transportation; 
and  (4)  to  provide  better  things  for  our  use. 


Unit  Two 

Air  and  You 
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AIR  AND  YOU 


AIR  is  ONE  of  the  commonest  things  in  the  world. 
Wherever  you  go  on  land  or  sea  you  are  always  sur- 
rounded by  air.  Without  it  you  and  all  living  things 
would  die.  You  breathe  it  day  and  night.  You  feel  it 
when  wind  blows  in  your  face.  Winds  are  used  to  fly 
kites  and  to  drive  sailboats  and  ships.  Winds  also 
bring  the  clouds  that  give  us  rain.  Wind  is  air  in 
motion.  In  this  unit  you 
will  learn  about  this  inter-  HBBH 
esting  substance  and  some 
of  the  ways  in  which  it  is 
used. 

While  it  is  plain  that 
automobile  tires  and  air 
brakes  need  air,  there  are 
many  things  about  you 
which  seem  to  have  noth- 
ing to  do  with  air,  but 
which  do  need  it.  Look  at 
the  pictures. 

Do  you  know  why 

the  ink  does  not  run 
out  of  the  filler? 

the  rubber  disk  does 

/     not  fall? 

the  glider  can  soar  up 
to  the  clouds  with- 
out an  engine? 

To  help  you  to  answer 
the  questions  about  the  pic- 
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FIGURE  5.  The  ink  does  not  flow  from 
the  tube. 


FIGURE  6.  The  disk  is  not  fastened  to  the 
glass  by  anything. 


tures,  and  to  understand 
how  air  causes  some  strange 
things  to  happen,  you  will 
need  to  find  out  first  of  all 
whether  or  not  air  is  a  real 
substance.  Nearly  always 
an  experiment  will  help  to 
give  you  the  answer  to  such 
questions  as  this. 

Problem  A    i  s  A  i  R  A 

REAL    SUBSTANCE? 

You  probably  have  an 
opinion  on  this  question, 
but  are  you  sure  it  is  cor- 
rect? Even  though  you 

can  feel  air,  can  you  be  sure  that  it  is  as  real  as  water? 
Remember  that  you  can  feel  sunshine,  which  is  not  a 
substance.  To  make  sure  about  air,  you  will  need  to 
do  some  experiments  to  find  out  whether  it  takes  up  room 
and  has  weight.  If  you  can  find  the  correct  answers  to 
the  four  problem-questions  that  follow,  you  will  be  able 
to  come  to  a  scientific  conclusion  as  to  whether  or  not 
air  is  a  real  substance.  You  will  then  be  able  to  un- 
derstand some  of  its  uses. 


Acme 


FIGURE  7.  There  is  neither  engine  nor  pro- 
peller in  this  glider. 


Problem-Question  1    is  AN  EMPTY  BOTTLE 

REALLY    EMPTY? 

You  can,  of  course,  pour  water  through  a  funnel  into 
an  empty  bottle,  but  can  you  do  so  if  the  funnel  fits  the 
neck  of  the  bottle  tightly?  You  can  find  out  by  the 
following  experiment.  A  tight  fit  can  be  made  if  the 
stem  of  the  funnel  is  passed  through  one  hole  of  a  two- 
hole  rubber  stopper  which  is  placed  in  the  neck  of  the 
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FIGURE  8.   A  cork  stopper  may  be  used  FIGURE  9.  The  pinch-cock  is  just 

if  it  is  coated^with  paraffin  to  prevent  leakage.  being  opened. 

bottle.  In  the  other  hole  a  piece  of  glass  tubing  is 
placed,  to  which  is  attached  a  short  piece  of  rubber 
tube  with  a  pinch-cock.  The  arrangement  is  shown  in 
Figure  8. 

First  make  sure  that  the  pinch-cock  completely  closes 
the  rubber  tube.  Do  this  by  blowing  into  the  tube. 
Then  pour  water  into  the  funnel.  You  will  probably 
find  that  the  funnel  fills  up  and  that  little 
or  no  water  flows  into  the  bottle.  If  the  funnel 
does  not  fill  and  remain  full,  hunt  for  a  leak  in  the 
apparatus. 

Now  place  a  lighted  candle,  as  in  Figure  9,  so  that 
its  flame  is  about  one  half  inch  from  the  end  of  the  rub- 
ber tube.  While  the  flame  is  steady,  open  the  pinch- 
cock.  Observe  what  happens  to  the  flame  and  to  the 
water  in  the  funnel.  Close  the  cock  and  repeat  the  ex- 
periment. 

What  does  the  action  of  the  flame  seem  to  show? 

What  happens  to  the  stream  of  water  as  soon  as  the 
pinch-cock  is  closed? 
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Further  evidence  that 
something  is  coming  out  of 
the  bottle  can  be  obtained 
I  by  using  a  glass  tube  and  a 
i  jar  of  water  in  place  of  the 
candle.  The  apparatus  for 
this  purpose  is  shown  in 
Figure  10.  Better  results 
are  obtained  if  the  cock  is 
held  open  only  a  few  sec- 
onds at  a  time. 

What    is   your  problem- 

FIGURE  10.  Nothing  may  occur  if  the  end  of  ,  •      « 

the  tube  is  too  far  .below  the  surface  of  the      question.'          _ 

water.  Why?,  What  is  your  answer  to  it? 

Does  air  take  up  room? 


OTHER  PROOFS  THAT  AIR  TAKES  UP  ROOM 

Men  allow  for  the  fact  that  air  takes  up  room.  If 
you  examine  the  large  funnels  used  for  filling  jugs  and 
barrels,  you  will  see  that  men  know  that  if  they  wish  to 
pour  liquids  into  them  quickly,  they  must  provide 
plenty  of  room  for  the  air  to  escape.  Thus  you  may 
find  the  stems  of  such  funnels  made  with  grooves 
through  which  air  can  pass.  Moreover,  you  probably 
have  noticed  that  the  nozzle  of  the  hose  used  to  fill  the 
gasoline  tanks  of  automobiles  is  much  smaller  than  the 
opening  in  the  tanks. 

Just  as  air  must  move  out  of  a  bottle  if  water  is  to 
enter,  so  air  must  be  moved  out  of  the  way  when  you 
come  into  a  room,  or  when  an  automobile  moves  along  a 
road.  In  your  case  only  a  small  amount  of  air  need  be 
moved  and  you  do  not  notice  it,  but  in  the  case  of  the 
automobile  as  much  as  fifty  cents'  worth  of  gasoline 
may  be  used  in  a  day's  run  just  to  push  the  air  aside. 

18 


Do  you  know  how  recent  changes  in  the  shapes  of  cars 
have  helped  to  this  end? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  See  if  fine  dry  sand  can  be  poured  through  a  funnel 
when  the  stop-cock  is  closed.    If  it  does  flow,  why  would 
you  not  change  your  conclusion  that  air  takes  up  room? 

2.  By  using  some  other  method,  see  if  you  can  force 
the  air  out  of  the  bottle  fast  enough  to  blow  out  the 
candle.     Hint:  If  you  have  no  good  idea  of  your  own, 
you  might  try  using  water  from  a  faucet.     Have  you 
thought  of  placing  the  funnel  high  above  the  bottle  by 
using  a  rubber  tube? 

These  experiments  are,  to  be  sure,  quite  easy  to  do, 
but  they  will  be  interesting  and  will  improve  your  skill 
in  this  work.  They  will  also  prepare  you  for  more  diffi- 
cult experiments  that  you  may  decide  to  try  later. 

Problem-Question  2    DOES   AIR  HAVE   WEIGHT? 

You  have  proved  that  air  takes  up  room,  and  thus  ap- 
pears to  be  a  real  substance.  If  it  is  real,  it  should  also 
have  weight.  To  settle  the  matter,  it  is  only  necessary 
to  balance  a  blown-up  basketball  bladder  on  one  end  of 
a  yardstick,  and  then  see  if  it  is  still  in  balance  after  the 
air  has  been  squeezed  out  of  it.  Figure  11  shows  how 
to  balance  the  bladder.  Of  course  the  air  outlet  can  be 
closed  by  a  rubber  band,  but  a  pinch-cock  is  much  more 
convenient,  and  you  are  less  likely  to  disturb  the  ap- 
paratus while  removing  the  air  from  the  bladder.  It  is 
a  good  idea  to  make  a  notch  at  the  center  of  the  stick  to 
prevent  its  slipping  over  its  support. 

Did  the  collapsed  bladder  balance  the  weight? 

Was  the  inflated  bladder  heavier  or  lighter  than  the 
collapsed  one? 
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FIGURE  11.  Why  is  the  thread  which  supports  the  bladder  tied  loosely 
about  the  air  tube? 

FURTHER  EVIDENCE  THAT  AIR  HAS  WEIGHT 

You  may  think  that  the  balance  was  disturbed  by  the 
difference  in  the  shape  of  the  bladder.  But  study  the 
pictures  shown  in  Figures  12  and  13.  Here  the  flask 
did  not  change  its  shape.  In  this  experiment  the  air 
was  removed  by  a  pump  which  is  not  shown  in  the  pic- 
ture. 

By  placing  small  weights  in  the  left-hand  pan  until 
balance  is  restored,  the  weight  of  air  removed  can  be 
found.  Thus,  if  a  quart  of  air  were  removed,  the  weight 
of  a  quart  of  air  would  be  known.  Careful  experiments 
show  that  a  cubic  foot  of  air  weighs  about  li  ounces. 

Does  the  air  in  your  classroom  weigh  about  6  pounds, 
60  pounds,  or  600  pounds? 

Winds,  good  and  bad.  The  weight  of  the  air  may  be 
either  harmful  or  helpful.  You  know  that  a  heavy  sub- 
stance, like  water,  can  hit  a  rather  hard  blow  if  it  is  mov- 
ing as  rapidly  as  it  is  when  it  comes  from  a  hose.  Of 
course  air  is  not  so  heavy  as  water,  but  still  a  barrel  of 
it  can  hit  about  as  hard  a  blow  as  a  pint  of  water  if  both 
are  moving  at  nearly  the  same  speed. 
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FIGURE  12.  A  flask  full  of  air  balanced  by  weights 


FIGURE  13.  The  flask  after  air  was  removed.     Note  the  position  of  the 
beam  and  pointer  of  the  balance. 
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We  often  have  winds  of  from  35  to  70  miles  an  hour. 
At  35  miles  per  hour  the  air  is  moving  about  as  fast 
as  a  baseball  is  traveling  when  a  player  catches  a  high 
fly  ball.  You  need  no  proof  that  winds  of  such  speed 
strike  with  great  force  upon  objects  in  their  path. 
They  may  do  immense  damage  to  trees,  ships,  crops, 
and  buildings. 

Winds  that  do  not  push  too  hard  are  welcome.  Even 
the  rather  common  wind  of  20  miles  an  hour  can  exert  a 
push  of  nearly  15  pounds  on  a  square  yard  of  cloth  in  a 
sail.  As  you  go  on  in  your  study  of  air,  you  will  see  how 
important  the  weight  of  the  air  really  is. 

SOMETHING  YOU  MAY  CARE  TO  DO 

See  if  you  can  show  that  hot  air  weighs  less  than  cool 
air.  You  will  need  a  clean  two-gallon  oil  can.  If  it  is 
one  that  has  been  used  for  motor  oil,  rinse  it  out  with  a 
little  kerosene,  and  then  wash  it  with  soap  and  water. 
Make  sure  that  it  is  dry  before  using  it.  You  will  also 
need  a  razor  blade,  two  large  corks,  some  small  blocks 
of  wood,  and  a  yardstick. 

Balance  the  can  as  shown  in  Figure  14  by  placing 
just  the  correct  amount  of  sand  or  other  heavy  mate- 
rial in  the  can  cover.  Then  slip  blocks  under  the  pan 
so  that  it  just  rests  upon  them. 

Remove  the  stopper  and  heat  the  can  very  hot  with  a 
gas  flame  or  in  the  oven  of  a  stove,  so  that  the  can  is 
filled  with  hot  air.  Be  careful  not  to  get  any  soot  on  the 
can.  Replace  the  stopper  loosely,  and  as  soon  as  the 
apparatus  is  perfectly  quiet,  carefully  remove  the  blocks. 

Because  the  hot  metal  of  the  can  weighs  the  same  as 
it  did  when  it  was  cool,  any  change  in  the  balance  must 
be  caused  by  a  change  in  the  weight  of  the  air  in  the 
can.  Is  balance  regained  when  the  can  becomes  as  cool 
as  the  air? 
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FIGURE  14 


Problem-QuestionS    HOW    DOES    THE    AIR   KEEP 

A    GLIDER    ALOFT? 

You  may  have  seen  a  hawk  sailing  high  in  the  air 
without  flapping  its  wings,  or  a  gull  hanging  still  in  the 
air.  If  you  have  never  seen  these  sights,  you  have  a 
treat  in  store.  Those  who  have  are  always  interested 
in  how  these  birds  can  do  such  strange  things. 

Men  have  now  learned  the  secret,  and  can  themselves 
sometimes  sail  for  hours  and  travel  more  than  a  hundred 
miles  by  using  a  sort  of  airplane  which  is  called  a  sail- 
plane or  glider.  It  is  a  very  simple  machine  without 
engine  or  propeller.  It  is  little  more  than  a  light  boat 
with  wings.  You  know  that  the  sails  of  a  boat  are 
hoisted  so  that  the  wind  may  strike  them,  and  that  as 
the  boat  changes  direction,  the  position  of  the  sails  is 
changed.  But  the  sail  (wings)  of  a  sailplane  are  fas- 
tened to  the  sides  of  the  boat,  and  stretch  outward  like 
the  wings  of  a  bird.  Thus,  an  ordinary  wind  blows  past 
the  wings  rather  than  directly  against  them. 

But  sailplanes  are  not  made  for  use  just  in  ordinary 
winds  which  blow  along  the  surface  of  the  earth.  They 
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make  use  of  a  different  kind  of  wind,  an  upwind,  or  ris- 
ing current.  Air,  like  most  moving  things,  will  bounce 
off  a  surface.  Figure  15  shows  how  a  wind  along  a 
tabletop  is  turned  upward  when  it  strikes  a  board. 

Out-of-doors  these  rising  air  currents  are  caused  by 
ordinary  winds  striking  against  a  hillside,  or  even  a 
clump  of  trees.  Like  all  winds,  they  push  against  ob- 
jects in  their  path.  You  may  have  seen  leaves  carried 
up  by  winds.  Because  the  wings  of  a  sailplane  lie  right 
across  an  upwind,  it  blows  against  them  just  as  an  or- 
dinary wind  blows  against  the  sail  of  a  boat. 

Of  course  the  sails  of  a  boat  drive  it  forward,  but  the 
wings  of  a  sailplane  push  it  upward.  Sailplanes  are 
very  light  and  have  very  long  wings.  These  give  a 
large  surface  on  which  the  upwind  can  push.  Even 
though  a  gentle  upwind  may  not  produce  a  strong  force 
on  one  square  foot  of  the  wing,  the  total  lift  on  the  two 
wings  may  be  great  enough  to  support  the  plane  and  its 
pilot. 

Before  you  think  more  about  the  sailplane,  it  will 
help  you  if  you  think  about  a  boat  sailing  upstream  in  a 

river.  The  wind  on  the 
sails  pushes  it  upstream, 
but  if  the  river  is  carrying 
the  boat  downstream  as  fast 
as  it  is  sailing  upstream,  a 
person  on  shore  would  say 
that  it  was  standing  still. 

Sailplanes  are  generally 
launched,  or  shot  into  the 
air,  from  a  hill.  If  the  air 
Is  quiet,  or  if  there  is  but  a 
gentle  breeze,  the  sailplane 
will  gradually  fall  as  it 
moves  forward  and  finally 


FIGURE  15.  Smoke  was  added  to  the  wind 
coming  from  the  paper  tube  to  make  the  mo- 
tion plain. 


land  on  the  ground  below.  When  a  sailplane  makes 
this  kind  of  flight,  it  is  said  to  be  gliding,  and  so  we  get 
the  word  glider  as  another  name  for  a  sailplane. 

But  suppose  it  is  launched  into  an  upwind  wliich  car- 
ries the  sailplane  up  as  fast  as  it  falls.  The  sailplane 
would  then  neither  gain  nor  lose  height  as  it  moved  for- 
ward. If,  however,  the  upwind  was  strong  enough 
to  lift  the  sailplane  faster  than  it  fell,  then  the  glider 
would  gain  height  as  it  moved  forward.  Figures  16  and 
17  will  help  you  to  see  how  a  sailplane  may  soar  to  great 
heights. 

The  diagrams  show  that  if  the  sailplane  passes 
through  a  rising  current  it  gets  a  lift  and  that  the  extra 
height  gained  enables  it  to  glide  to  a  greater  distance. 
The  higher  the  plane,  the  longer  it  will  take  it  to  fall, 
and  since  it  is  moving  forward  all  the  time  that  it  is 
falling,  it  can  travel  farther  before  it  strikes  the  ground. 
Moreover,  if  the  pilot  steers  a  more  or  less  spiral  course, 
he  may  keep  his  sailplane  in  the  rising  current  for  a  long 
time  and  thus  continue  to  gain  height.  The  pilot  is 
then  said  to  be  soaring.  Having  reached  a  great  height 


FIGURE  16.     In  still  air  the  sailplane  loses  height  as  it  moves  forward. 
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FIGURE  17.    The  path  of  a  sailplane  through  a  rising  current.    The 
broken  line  shows  the  path  it  takes  when  it  soars. 

by  soaring,  the  pilot  may  leave  the  upcurrent  and  glide 
across  country  for  miles  before  his  sailplane  reaches  the 
ground.  If  he  is  skillful  and  fortunate,  he  may  pick  up 
other  rising  currents  while  gliding.  How  will  this  affect 
the  length  of  his  flight? 

//  air  were  not  a  real  substance,  do  you  think  that  a  sail- 
plane could  soar? 

How  air  can  support  a  heavy  airplane  is  a  different 
question  which  you  will  soon  be  able  to  answer. 

SOMETHING  SOMEONE  MAY  CARE  TO  TRY 

Make  a  birdlike  glider  which  will  glide  slowly  and 
gracefully  in  a  circular  path  so  that  it  will  return  to  you 
rather  than  fall.  This  is  a  job  to  test  your  ability  to 
solve  a  rather  difficult  problem  and  to  help  increase 
your  patience.  Remember  that  a  true  scientist  is  pa- 
tient. Anyone  who  desires  quick  results  should  not 
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attempt  this  project.  Two  boys  working  together  are 
much  more  likely  to  succeed  than  a  boy  working  alone. 

The  glider  shown  in  Figure  18  is  made  from  type- 
writing paper  with  wings  and  neck  stiffened  with  very 
thin  strips  of  light  wood.  Note  that  the  wings  and  the 
neck  are  curved.  You  can  be  sure  that  it  will  not  glide 
properly  when  first  launched. 

Whether  it  flutters  and  falls,  dives,  spins,  or  other- 
wise misbehaves  depends  upon  how  much  the  neck  and 
wings  are  curved,  and  upon  the  weight  of  the  neck. 
Exact  directions  are  not  given  because  this  is  a  project 
to  test  your  ingenuity.  However,  being  young  scien- 
tists, you  are  entitled  to  a  few  hints. 

Do  all  your  experimenting  in  a  room  free  from  drafts. 
A  glider  as  light  as  this  one  should  be  launched  gently. 
A  slight  motion  of  the  wrist  is  enough  to  send  it  on  its 
flight.  If  the  wings  are  exactly  alike,  it  will  glide 
straight  away;  if  slightly  different  in  shape,  they  will 
cause  it  to  travel  in  a  curved  path.  The  one  shown  in 
the  picture  is  about  eight  inches  from  wing-tip  to  wing- 
tip,  and  is  a  good  size  with  which  to  begin. 

Problem-Question  4    DOES  STILL  AIR  PUSH 

AGAINST     OBJECTS? 

You  have  seen  that  moving  air  exerts  a  force  upon  ob- 
jects. You  know,  too, 
that  any  object  you  may 
be  carrying  on  your  shoul- 
der presses  against  it  even 
when  at  rest.  Thus,  it  is 
reasonable  to  suppose  that 
air  piled  high  above  the 
earth  might  also  push  upon 
everything  below  it.  If 
any  such  push  does  exist, 


FIGURE  18.  The  stiffening  band  shows 
along  the  front  edge  of  the  wings.  The  neck 
band  does  not  show  because  it  is  under  the 
paper. 


•Adhesive 
tape 

Why  should  the 
tongue  be  placed  over  the  end  of 
the  tube  while  the  funnel  is  being 
held  in  the  different  positions? 


Rubber 
sheet 

FIGURE    19. 


however,  you  cannot  feel 
it,  nor  does  it  break  or 
even  bend  such  a  delicate 
thing  as  a  soap  bubble  or  a 
thin  sheet  of  paper. 

Many  experiments  have 
been  made  to  test  this  ques- 
tion. One  of  the  best  is  to 
fasten  a  thin  sheet  of  rubber 
over  the  end  of  a  glass 
funnel,  as  shown  in  Fig- 
ure 19.  This  arrangement 
gives  you  a  flat  piece  of  rubber  with  air  on  both  sides 
of  it.  * 

You  know  that  air  can  be  drawn  into  the  mouth  by 
sucking  it  in.  If  you  suck  on  the  tube,  you  can  take 
some  of  the  air  from  the  funnel.  Since  you  did  not  pull 
upon  the  rubber,  but  merely  took  some  of  the  air  out, 
what  do  you  think  pushed  the  rubber  into  the  funnel? 

The  force  of  the  air  upon  a  square  inch  of  an  object  is 
called  air  pressure,  or  atmospheric  pressure.  By  moving 
the  funnel  as  shown  by  the  broken  lines  in  the  figure, 
you  can  find  whether  the  air  exerts  a  pressure  sidewise 
as  well  as  downward.  In  what  direction  or  directions 
does  the  air  push?  Is  it  greater  in  one  direction  than  in 
another? 

AIR  PRESSURE 

Why  air  pressure  is  great.  Because  each  cubic  foot  of 
air  weighs  about  1^  ounces,  and  because  the  lowest 
cubic  foot  has  to  bear  the  weight  of  all  the  air  directly 
above  it,  you  can  see  that  if  the  air  were  only  200  feet 
deep,  the  force  would  be  (!£  oz.  X  200)  250  ounces,  or 
about  15  pounds  on  a  square  foot. 

The  air  is,  however,  much  more  than  200  feet  deep; 
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FIGURE  20.     When  the  air  was  removed,  the  air  pressure  crumpled  the 
can  as  you  would  crush  a  paper  bag. 


it  is  miles  deep  in  fact.  Later  in  your  science  work  you 
can  prove  that  the  pressure  is  about  a  ton  on  a  square 
foot,  or  about  1 5  pounds  per  square  inch.  About  how 
great  is  the  force  against  one  side  of  a  pane  of  glass  in 
your  window?  Why  does  it  not  break  the  glass? 

That  air  pressure  is  great  is  shown  in  Figure  20.  In 
this  case  the  air  was  removed  from  the  can  by  means  of 
a  pump  not  shown  in  the  picture. 

Air  pressure  and  the  airplane.  One  of  the  most  im- 
portant uses  of  air  pressure  is  to  lift  airplanes.  When 
a  plane  is  resting  on  the  airfield  the  pressure  of  the  air 
upon  both  the  upper  and  the  lower  surfaces  of  the  wings 
is  the  usual  fifteen  pounds 
per  square  inch.  But 
when  it  is  made  to  move 
along  the  field,  the  wings 
have  to  fight  their  way 
through  the  air.  As  they 
do  so,  the  air  which  strikes 
the  lower  side  of  the  wings 


Pressure 
reduced  here 


FIGURE  21.   The  pressure  above  the 
moving  wing  is  less  than  that  under  it. 
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pushes  against  them,  but  this  force  is  not  nearly  enough 
to  lift  the  plane.  The  air  that  rushes  aver  the  wings, 
however,  does  not  strike  them,  but  sweeps  by  them  in 
such  a  way  as  to  reduce  the  air  pressure  upon  their  up- 
per surfaces. 

The  pressure  upon  the  upper  surfaces  is  thus  less 
than  the  usual  fifteen  pounds  per  square  inch.  Suppose 
it  is  only  fourteen  pounds  per  square  inch.  This  is,  of 
course,  one  pound  less  than  the  usual  air  pressure  on 
the  lower  surfaces.  The  lift  due  to  this  difference  is 
then  144  pounds  per  square  foot.  This  is  in  addition  to 
the  force  of  the  air  striking  against  the  lower  surfaces  of 
the  wings.  With  well-made  wings  the  lift  due  to  the 
difference  of  pressures  is  about  twice  as  great  as  the  lift 
due  to  air  striking  against  the  under  surfaces.  Perhaps 
you  have  seen  pictures  of  airplanes  which  weigh  over 
fifty  tons  when  loaded.  Do  you  now  see  the  reason  for 
such  large  wings? 

You  have  seen  that  air  takes  up  room,  has  weight, 
exerts  a  force  when  in  motion  upon  objects  in  its  path, 
exerts  pressure  when  at  rest,  and  that  air  pressure  helps 
to  lift  airplanes.  What  now  is  your  answer  to  the  ques- 
tion: Is  air  a  real  and  useful  substance? 

Can  you  now  see  why  the  ink  in  the  filler  shown  in  Fig- 
ure 5  cannot  force  its  way  out? 

How  is  part  of  the  air  removed  from  the  rubber  disk  in 
Figure  6  so  that  the  pressure  of  the  air  on  the  outside  can 
force  it  against  the  glass? 

SOMETHING  YOU  MAY  CARE  TO  DO 

Crush  a  two-gallon  oil  tin  by  means  of  air  pressure. 
A  pump  is  not  needed,  because  the  air  may  be  forced 
out  of  the  can  by  boiling  about  four  tablespoonfuls 
of  water  in  it.  The  water  should  be  boiled  vigor- 
ously. While  steam  is  coming  from  the  can,  remove 
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it  from  the  heat  and  quickly  insert  a  tightly  fitting 
stopper. 

As  the  can  cools,  the  steam  in  it  will  begin  to  change 
back  to  water  and  thus  reduce  the  pressure  inside  the 
can.  If  the  stopper  fits  tightly,  the  can  will  probably 
begin  to  give  off  a  snapping  sound  and  then  suddenly 
collapse  when  it  can  no  longer  withstand  the  air  pres- 
sure. How  could  you  cool  the  can  more  quickly? 

Problem  B    HOW   is   AIR  RELATED   TO   FIRE? 

You  have  seen  how  the  weight  of  the  air  causes  it  to 
push  upon  objects,  and  you  have  learned  how  this  force 
is  sometimes  used.  But  there  are  other  uses  of  air 
which  are  not  due  to  its  weight.  One  of  the  most  im- 
portant of  these  has  to  do  with  fires.  In  studying  this 
subject  you  will  learn  that  air  is  a  mixture  of  various 
things. 

Everyone  has  seen  substances  burning  in  the  air,  and 
knows  that  fires  burn  better  when  there  is  a  draft  or  a 
wind.  These  facts  show  that  air  has  something  to  do 
with  fires,  and  bring  up  some  questions  which  will 
help  you  to  solve  the  problem:  How  is  air  related 
to  fire? 


Problem-Question  1  WILL  A  FIRE  BURN  WITH- 
OUT AIR? 

An  easy  way  to  find  whether  fire  will  burn  without 
air  is  to  start  a  fire  in  air  and  then  cut  off  the  air  supply. 
To  do  this,  light  the  wick  of  a  short  piece  of  candle  and 
then  cover  it  with  a  tumbler  as  shown  in  Figure  22. 
Does  the  candle  continue  to  burn? 

This  simple  experiment  gives  you  proof  of  what  you 
probably  believed  to  be  true,  or  it  may  have  given  you 
further  proof  of  what  you  knew  to  be  true  from  your 
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FIGURE  22.  The  candle  burning  in  the  tum- 
bler is  called  a  control.  It  is  used  to  show 
that  a  candle  will  burn  in  a  tumbler  which  is 
open  to  the  air.  If  you  knew  from  exper- 
ience that  it  would,  then  this  control  was  not 
necessary  for  you.  But  controls  are  often 
needed  to  get  correct  answers. 


former  experience  with 
fires.  It  also  helps  you  to 
understand  some  of  the 
things  that  you  have  at 
home.  Thus,  you  can  see 
why  stoves  must  have 
openings  to  let  in  the 
needed  air. 

OXYGEN  AND  FIRES 

There  are  other  airlike 
(gaseous)  substances  which 
will  make  a  fire  burn.  One 
of  them  is  a  colorless  gas 
called  oxygen.  You  can 
see  how  much  better  things 
burn  in  oxygen  than  in  air 
by  placing  a  splint  which  is 
only  glowing  close  to  the 
end  of  an  oxygen  generator 
(an  apparatus  for  obtaining 
oxygen) .  The  generator  is 
shown  in  Figure  23.  Air  is 
known  to  be  about  one  fifth 
oxygen;  it  is  this  oxygen 
that  makes  things  burn  in 
air. 

How  to  extinguish  fires. 
The  fires  that  you  com- 
monly see  need  oxygen  to 
burn.  This  oxygen  comes 
from  the  air.  Thus,  any- 
thing that  keeps  the  air 
away  from  such  a  fire  will 
put  it  out.  You  used  a 
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tumbler  in  your  experi- 
ment, but  there  are  many 
better  ways  for  keeping  air 
away  from  fires.  You 
probably  have  been  taught 
to  wrap  a  rug  or  woolen 
blanket,  or  better  still  an 
asbestos  blanket,  around  a 
person  whose  clothing  is  on 
fire.  Water,  of  course,  is 
the  most  common  fire  ex- 
tinguisher. It  not  only 
helps  to  keep  air  away 
from  the  burning  materials, 
but  it  cools  them  as  well. 
You  know  that  ordinary 
things  do  not  burn  unless 
they  are  hot,  and  that 
water  cools  hot  substances 
quickly. 

But  there  are  some  fires  that  water  will  not  put  out. 
For  example,  burning  gasoline,  or  oil  which  is  so  light 
that  it  floats  on  water,  will  continue  to  burn  when  water 
is  poured  upon  them.  So  will  some  fire  bombs  because 
they  contain  their  own  oxygen.  In  fact,  water  may 
spread  such  fires  and  make  them  worse.  Sand  or  flour 
will  usually  smother  oil  fires.  Thus,  you  see  pails  of 
sand  stored  in  garages  labeled  "  For  fire  only."  In  war- 
time most  of  the  fire  watchers  have  buckets  of  sand  to 
put  out  small  fires,  or  to  smother  some  kinds  of  bombs. 

Then,  too,  there  are  several  liquids  and  gases  which 
will  not  burn  nor  cause  other  things  to  burn.  They  are 
very  useful  for  small  fire  extinguishers.  A  very  com- 
mon extinguisher  uses  the  same  kind  of  gas  that  bubbles 
out  of  soda  water.  It  is  carbon  dioxide  gas.  Other 
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FIGURE  23.  The  flask  contains  a  few  tea- 
spoonfuls  of  sodium  peroxide  and  the  bulb 
contains  water.  A  few  drops  of  water  from 
the  bulb  will  cause  oxygen  to  be  given  off. 
Add  water  a  little  at  a  time  as  needed. 


extinguishers  are  filled  with  a  liquid  which  has  a  long 
name.  You  need  not  try  to  remember  it  because  it  is 
better  known  by  its  nickname.  It  is  chiefly  carbon 
tetrachloride,  but  it  is  often  called  pyrene.  The  pyrene 
is  put  into  a  sort  of  squirt-gun,  and  kept  where  it  will 
be  handy. 

It  is  wonderful  to  see  how  small  an  amount  of  this 
liquid  will  put  out  all  sorts  of  small  fires.  The  reason  is 
not  hard  to  understand.  You  know  how  quickly  gaso- 
line or  carbona  disappears  when  placed  on  your  hand. 
It  is  said  to  evaporate,  or  change  to  a  gas.  Pyrene 
evaporates  very  rapidly  when  squirted  on  or  near  a  fire. 
The  gas  it  makes  is  much  heavier  than  air;  therefore  it 
does  not  float  away  like  steam  or  smoke.  It  thus  forms 
a  sort  of  tent  or  blanket  about  the  fire,  and,  like  any 
blanket,  puts  it  out.  So  that  it  may  not  be  carried  off 
with  the  smoke  or  flames,  pyrene  is  not  squirted  di- 
rectly on  the  fire,  but  around  the  bottom  of  it.  Of 
course  it  does  not  serve  well  in  the  case  of  very  large 
fires,  but  on  fires  in  rooms,  boats,  and  automobiles,  it 
usually  works  like  magic. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

Here  are  two  interesting  and  easy  experiments  that 
you  can  perform  at  home  in  a  few  minutes. 

1.  Put  out  a  fire  by  using  carbon  dioxide  gas.    Place 
two  teaspoonfuls  of  baking  soda  in  a  tumbler  and  then 
add  two  tablespoonfuls  of  vinegar  to  cause  the  soda  to 
give  off  carbon  dioxide.     Now  hold  a  lighted  match  in 
the  tumbler.     Do  not  drop  the  match  into  the  liquid 
because  it  is  the  gas  you  wish  to  use. 

2.  Put  out  a  fire  with  carbona,  which,  like  pyrene, 
also  contains  carbon  tetrachloride.     Place  about  one 
half  teaspoonful  of  carbona  in  a  tumbler.     Allow  it  to 
stand  for  a  few  minutes  and  then  hold  a  lighted  match 
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in  the  gas  in  the  tumbler.  Do 
not  drop  the  match  into  the  liquid. 
If  you  wish,  you  may  place  a  short 
piece  of  candle  in  the  tumbler. 
After  lighting  it,  pour  some  car- 
bona  into  the  tumbler.  Do  not 
pour  it  on  the  flame,  because  it  is 
the  gas  that  comes  from  the  car- 
bona,  not  the  liquid  itself,  that 
you  wish  to  use. 

Problem-Question  2     DO    FIRES 

TAKE  ANYTHING  FROM 
OR  ADD  ANYTHING  TO 
T  H  E  A I R  ? 

Because  oxygen  causes  things 
to  burn,  you  might  expect  that 
fires  use  the  oxygen  of  the  air. 
You  can  test  this  idea  in  a  very 
few  minutes  by  using  the  appa- 
ratus shown  in  Figure  24.  The 
candle  is  first  fastened  to  the 
bottom  of  the  dish  with  a  little  of 
the  melted  wax.  The  water  is 
then  added  and  the  candle  light- 
ed and  covered  with  a  jar. 
Results  are  shown  in  Figure 
25. 

Why  did  the  candle  burn  at  first? 

Did  it  use  all  the  air  in  the  jar? 

Why  did  it  go  out? 

Do  fires  add  anything  to  the 
air?  When  a  candle  burns  it 
gradually  disappears.  Have  you 
wondered  what  becomes  of  the 


FlGURE.24 


FIGURE  25 
Why  did  the  water  rise  in  the  jar? 
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FIGURE  26.  A  candle  is  used  be- 
cause it  is  safe  and  handy,  but 
splinters  of  wood  may  be  used. 


wax  ?  Chemists  tell  us  that 
when  the  candle  burns  the 
oxygen  of  the  air  turns 
the  wax  into  moisture  and 
carbon  dioxide.  Even 
though  the  carbon  dioxide 
is  colorless,  you  can  prove 
that  it  is  formed  if  you 
study  it  the  way  a  chemist 
would.  He  has  found  that 
it  will  turn  lime  water 
milky.  He  calls  this  a  test 

for  carbon  dioxide.  It  is  an  easy  and  interesting  test. 
To  find  out  whether  a  candle  flame  gives  off  carbon 
dioxide  you  need  only  send  some  of  the  air  from  just 
above  it  into  lime  water.  This  experiment  must  be 
done  as  a  scientist  would  do  it  if  you  want  to  be  sure 
of  your  answer. 

One  good  way  is  shown  in  Figure  26.  You  see  that 
the  air  is  not  drawn  right  into  the  lime  water.  It  is 
made  to  pass  through  some  ordinary  water  first.  This 
is  done  to  make  sure  that  if  the  lime  water  turns  milky, 
it  was  not  due  to  smoke  from  the  flame  or  from  dust  in 
the  air.  If  dust  or  smoke  is  present,  the  water  in  the 
bottle  will  catch  it.  The  bubbles  that  you  see  when  you 
first  suck  on  the  tube  come  from  the  ordinary  air  that 
was  in  the  bottles.  But  after  you  have  drawn  this  out, 
you  will  begin  to  get  air  that  was  once  over  the  flame. 
You  can  then  see  how  this  differs  from  ordinary  air. 
Does  it  turn  the  lime  water  milky? 
Does  a  burning  candle  add  carbon  dioxide  to  the  air? 

TWO  GASES 

Carbon  dioxide  gas  is  harmless.     Kerosene  lamps,  oil 
stoves,  and  gas  stoves  put  much  carbon  dioxide  into  the 

36 


air  of  rooms,  but  it  does  no 
harm.  You  remember  this  /^>K\  FT 
is  the  same  kind  of  gas  you 
get  in  your  sodas.  You  will 
see  later  that  it  is  really 
very  useful.  If  an  oil  stove 
is  burned  for  some  time  in 
a  small  closed  room,  a  bath- 
room for  example,  it  may  fl  FlGYR^  27-  .J*.  not.  all°Y  th? 

J       flame  to  touch  the  glass  jar.    Avoid 
take  SO  much  Oxygen  OUt  Of      drafts  as  much  as  possible. 

the  air  that  a  person  could 

not  get  enough  to  breathe.  This,  however,  does  not 
mean  that  the  carbon  dioxide  is  dangerous,  but  only  that 
needed  oxygen  is  absent. 

Carbon  monoxide  is  dangerous.  Some  fires  give  off 
another  gas  besides  carbon  dioxide.  It  is  the  very  poi- 
sonous carbon  monoxide.  When  gasoline  burns  in  the 
engine  of  an  automobile,  carbon  monoxide  often  comes 
out  of  the  exhaust  pipe.  This  is  the  reason  why  people 
are  warned  not  to  run  their  engines  in  a  garage  with  the 
doors  closed. 

What  is  now  your  answer  to  the  question,  How  is  air 
related  to  fire? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Collect  some  of  the  water  that  is  formed  when  a 
candle  burns.  It  is  best  to  use  a  rather  large  glass  jar. 
A  quart  jar  is  too  small.  The  candle  should  be  placed 
as  shown  in  Figure  27.  The  jar  may  be  kept  cold  by 
wrapping  it  with  cloths  wet  with  ice  water.  Be  sure 
the  cloths  are  not  so  wet  that  water  from  them  will  flow 
down  the  outside  of  the  jar.  The  jar  may  be  held  in  the 
position  shown  in  Figure  27  by  hanging  it  from  a  sup- 
port by  means  of  adhesive  tape.  You  may  find  an 
easier  way  to  keep  your  jar  in  place.  In  the  next  unit 
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you  will  learn  why  the  water  formed  by  the  burning 
candle  tastes  "flat"  like  rainwater. 

2.  Try  to  answer  two  questions  on  the  scientific 
method: 

a.  In  the  last  experiment  why  were  you  not  advised 
to  use  a  second  jar  without  a  candle  as  a  control? 

b.  If  a  control  were  needed  to  make  sure  of  your  re- 
sults, how  could  you  use  the  glass  jar  for  a  control  before 
using  it  in  the  experiment? 

After  you  have  reasoned  out  the  answers,  discuss 
them  with  your  teacher.  Perhaps  you  may  be  asked  to 
show  the  experiment  and  talk  about  the  controls  to 
your  class  or  club. 

ProbkmC    CAN  LIVING   THINGS   DO  WITHOUT 

AIR? 

Now  that  you  know  something  about  the  gases  in  the 
air,  you  are  ready  to  learn  how  both  plants  and  animals 
make  good  use  of  its  oxygen  and  carbon  dioxide.  Boys 
and  girls  sometimes  try  to  see  how  long  they  can  hold 
their  breath.  The  winner  of  one  such  contest,  who  held 
his  breath  less  than  three  minutes,  had  to  be  sent  to  a 
hospital.  Anyone  will  die  in  a  short  time  if  he  cannot 
get  air  into  his  lungs.  But  because  you  breathe  all  the 
time,  you  probably  do  not  wonder  how  you  do  it. 

Problem-Question  1    WHAT  MAKES  AIR  GO  INTO 

THE     LUNGS? 

Before  studying  your  own  lungs,  it  is  best  to  try  an 
experiment  with  a  model.  A  good  one  is  shown  in 
Figures  28-30.  The  balloons  must  be  fastened  so  tightly 
to  the  glass  tubes  that  air  will  not  leak  out  when  they  are 
blown  up.  If  the  stopper  fits  tightly  and  the  rubber 
sheet  is  fastened  so  that  it  cannot  leak  air,  the  balloons 
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FIGURE  28.  Air  can 
enter  the  balloons, 
but  it  cannot  get 
into  the  glass  jar. 


FIGURE  29.     The  bal- 
loons blow  up. 


FIGURE  30.  The  bal- 
loons will  now  col- 
lapse and  the  pres- 
sure in  the  jar  will 
soon  return  to  15. 


will  be  in  an  airtight  cavity.     The  marble  is  used  to 
make  a  good  handle  for  moving  the  rubber  sheet. 

If  every  joint  is  tight,  the  balloons  will  be  blown  up 
when  you  pull  down  on  the  marble,  and  they  will  col- 
lapse when  you  let  the  rubber  snap  back.  You  can  find 
out  whether  the  air  moves  into  or  out  of  the  glass  tube 
by  holding  the  flame  of  a  lighted  match  close  to  the  end 
of  the  tube. 

Does  the  flame  ever  enter  the  tube?    If  so,  when? 

To  understand  why  the  balloons  act  as  they  do  when 
the  rubber  is  moved,  you  need  only  consider  what  you 
learned  about  air  pressure.  When  the  model  is  not  in 
use,  there  is  ordinary  air  inside  the  jar  and  inside  the 
balloons.  You  remember  that  the  air  pressure  is  about 
fifteen  pounds  on  each  square  inch,  and  that  it  pushes 
equally  in  all  directions.  Because  the  pressure  on  the 
thin  rubber  of  the  balloons  is  just  the  same  inside  and 
outside,  the  balloons  behave  as  if  there  were  no  pressure 
at  all  and  hang  limply  from  the  glass  tubes. 

But  when  the  sheet  of  rubber  is  pulled  down,  there  is 
more  room  in  the  jar.  The  air  in  the  jar  is  thus  less 
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crowded,  and  its  pressure  becomes  less  than  fifteen 
pounds  per  square  inch.  The  pressure  in  the  balloons 
and  in  the  glass  tubes  and  outside  is  still  fifteen  pounds 
per  square  inch.  The  push  of  the  air  inside  the  jar  on 
the  balloons  therefore  does  not  balance  the  pressure 
inside  the  balloons.  The  stronger  push  wins,  and  the 
balloons  are  blown  up  as  you  saw  them  in  the  model. 
Figure  29  will  help  you  to  understand  the  reasons.  But 
why  does  the  air  go  out  of  the  balloons? 

When  the  balloons  swell  up,  they  take  up  much  of 
the  room  inside  the  jar.  Thus,  when  the  rubber  snaps 
back  there  is  less  space  for  the  air  than  there  was  when 
they  were  limp.  As  the  rubber  moves  back  it  crowds 
the  air  all  around  the  balloons.  Because  the  air  is 
crowded  it  pushes  harder  than  it  did  at  first.  Its  pres- 
sure is  thus  greater  than  fifteen  pounds  per  square  inch. 
The  greater  push  again  wins,  and  air  is  squeezed  out  of 
the  balloons.  (See  Figure  30.) 

SOMETHING  YOU  MAY  CARE  TO  DO 

Make  a  model  of  the  lungs  in  a  lamp  chimney.  Try 
to  get  a  large  chimney  with  bulging  sides.  If  you  have 
a  cork  for  a  stopper,  you  will  need  to  seal  it  with  wax  to 
make  it  tight.  Use  small  balloons,  and  blow  them  up  a 
few  times  before  putting  them  into  the  model.  This  is 
to  make  them  stretch  more  easily.  If  your  teacher  can- 
not furnish  you  with  a  Y  tube,  you  can  make  one  out  of 
three  short  pieces  of  glass  tubing  and  sealing  wax.  If 
the  tubes  should  become  stopped  while  you  are  fasten- 
ing them  together,  you  can  clear  them  by  inserting  a 
hot  wire  or  knitting  needle.  For  the  rubber  sheet  you 
can  use  a  piece  of  toy  balloon.  It  can  be  made  airtight 
by  holding  it  in  place  with  several  rubber  bands.  A  bead 
or  pebble  will  serve  in  place  of  the  marble  in  the  large 
model.  If  your  model  fails  to  work  well,  hunt  for  a  leak. 
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FIGUBE  31.      How  does  air  reach  the  lungs?    How  does 
it  leave  the  lungs? 


Probkm-Question  2    HOW  DO  YOU  BREATHE? 

Now  that  you  know  how  air  can  be  made  to  move 
into  and  out  of  balloons,  you  are  ready  to  study  how 
you  breathe.  Figure  31  shows  how  the  lungs  are  con- 
nected with  the  windpipe.  Instead  of  being  a  single 
sack,  like  a  balloon,  each  lung  is  made  up  of  many 
small  air  spaces.  A  series  of  tubes  connects  these  air 
spaces  with  the  windpipe.  In  your  body  a  wall  of  flesh 
takes  the  place  of  the  glass  jar  used  in  the  model.  In- 
stead of  the  rubber  sheet  of  the  model,  there  is  a  sheet 
of  muscles  called  the  diaphragm  across  the  bottom  of  the 
chest  cavity.  This  makes  the  cavity  airtight. 

Breathing.  You  can  see  from  the  drawing  that  the 
diaphragm  is  not  flat,  as  was  the  sheet  of  rubber,  but  is 
curved.  It  is  shaped  something  like  a  saucer  turned 
bottom  side  up.  When  the  muscles  of  the  diaphragm 
contract,  it  becomes  somewhat  flatter  and  is  drawn 
down.  This  motion  of  the  diaphragm  will  cause  some 
air  to  flow  into  the  lungs,  but  the  motion  is  not  nearly 
great  enough  to  give  you  all  the  air  you  need.  How, 
then,  do  you  get  sufficient  air? 
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Diaphragm' 
FIGURE  32.     Raising  the  ribs  expands  the  chest. 

When  you  take  a  deep  breath,  you  can  feel  the  ribs 
being  drawn  up  and  you  know  that  the  chest  becomes 
larger.  This  movement  of  the  ribs,  enlarging  the  chest 
cavity,  helps  to  reduce  the  pressure  of  air  in  it.  More 
air  will  then  be  pushed  in  from  outside,  because  there 
the  air  pressure  is  greater.  You  must  remember  that  it 
is  not  the  air  that  you  inhale  that  expands  the  chest, 
but  the  expansion  of  the  chest  that  allows  the  air  to 
enter  the  lungs.  Figure  32  shows  how  raising  the  ribs 
increases  the  size  of  the  lung  cavity. 

When  the  ribs  drop  back,  the  air  in  the  lungs  is  partly 
squeezed  out.  This  action  is  usually  quite  gentle.  But 
when  you  sneeze  or  cough,  the  muscles  act  very  sud- 
denly, and  air  is  forced  out  in  a  puff. 

Breathing  may  be  difficult.  You  breathe  so  easily  that 
you  scarcely  know  it  except  when  you  are  running  or 
working  hard.  Those  who  fly,  however,  say  that  they 
sometimes  find  it  hard  to  breathe.  Because  the  air 
high  above  the  earth  is  thin,  there  is  less  oxygen  in  a 
quart  of  it  than  there  is  in  a  quart  of  air  near  the  ground. 
Thus  a  person  gets  less  oxygen  than  usual  every  time  he 
inhales.  To  get  the  needed  amount  he  breathes  deeper 
and  harder.  Sometimes  this  gives  him  enough  oxygen, 
but  if  he  flies  high  enough  there  may  be  a  lack  of  oxygen 

42 


in  spite  of  anything  he  may  do.  Aviators  who  must  go 
up  to  great  heights  carry  tanks  of  oxygen  which  they 
can  use  when  the  air  gets  too  thin  for  safety.  The 
cabins  of  some  airplanes  are  sealed  so  that  oxygen  can 
be  added  to  the  air  in  them. 

Persons  who  are  very  ill  cannot  always  get  from  ordi- 
nary air  enough  oxygen  to  keep  them  alive.  They  are 
then  sometimes  placed  in  an  oxygen  tent.  Oxygen 
which  has  been  compressed  into  big  iron  bottles  is  kept 
on  hand  ready  for  use.  By  opening  a  valve,  which 
works  like  a  water  faucet,  as  much  or  as  little  oxygen  as 
may  be  needed  can  be  placed  in  the  tent. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Using  a  tape  measure,  or  string  and  yardstick, 
measure  your  chest  expansion  when  you  take  a  deep 
breath. 

2.  Make  a  model  of  cardboard  to  show  how  lifting 
the  ribs  expands  the  chest.    No  directions  will  be  given, 
but  you  can  get  a  hint  from  Figure  32. 

3.  Using  fruit  jars,  measure  how  much  air  you  exhale 
in  an  ordinary  breath,  and  when  you  take  a  deep  breath. 
First  fill  the  jars  with  water  and  stand  them  bottom  up 
in  a  pan  about  half  full  of  water.    Use  a  piece  of  rubber 
hose  to  get  the  air  from  the  mouth  into  the  jars. 


Problem-Questions    HOW     DOES     EXHALED    AIR 

DIFFER        FROM        ORDINARY 
AIR? 

You  found  that  fires  add  carbon  dioxide  and  moisture 
to  the  air. 

Everyone  knows  that  water  will  collect  on  a  cold 
window-pane  when  he  breathes  upon  it.  You  need  no 
experiment  to  show  that  breathing  adds  water  to  the 

43 


air.    However,  you  breathe  out  far  more  water  in  a  day 
than  you  may  think. 

Is  it  not  possible  that  some  carbon  dioxide  is  also 
given  off  when  you  breathe?  Since  you  know  the  test 
for  carbon  dioxide,  all  you  need  to  do  to  answer  this 
question  is  to  blow  into  a  glass  of  lime  water.  Use  a 
deep  breath  to  make  sure  that  the  air  comes  from  the 
lungs  and  is  not  just  some  ordinary  air  from  the  mouth 
and  throat. 

Did  the  lime  water  turn  at  all  milky  with  the  first  breath? 
Did  it  turn  more  milky  with  the  second  breath? 
What  substances  are  added  to  the  air  when  you  breathe? 
It  is  not  so  easy  to  find  out  what  breathing  takes 
from  air.     Scientists  can  show  that  the  blood  in  the 
lungs  removes  oxygen  from  air.     But  does  all  the  oxy- 
gen that  enters  your  lungs  pass  into  your  blood?    This 
is  easy  to  answer. 

First  fill  a  jar  with  exhaled  air  as  shown  in  Figure  33. 
Before  taking  the  jar  from  the  water,  cover  it  with  a 
piece  of  glass  to  keep  the  exhaled  air  from  mixing  with 
ordinary  air.  Wrap  a  piece  of  wire  around  a  small 
candle  and  light  it.  After  it  is  well  lighted,  move  the 
glass  a  little  to  one  side  and  quickly  lower  the  candle 

into  the  jar.  Then  close 
the  jar  again.  If  all  the 
oxygen  has  been  taken  from 
the  air,  the  candle  will  go 
out  almost  at  once.  But 
you  will  probably  find  that 
the  candle  will  burn  for  a 
short  time  and  then  go  out, 
just  as  it  did  when  you 
placed  it  in  ordinary  air  in 
a  previous  lesson. 

Do  you  see  why  a  person 
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FIGURE  33.  Why  is  it  unscientific 
to  send  the  very  first  part  of  the 
breath  into  the  jar? 


who  gels  trapped  in  a  safe  does  not  die  at  once?  Why  is  it 
necessary  to  get  the  safe  open  within  a  few  hours  to  save 
his  life? 

ANIMALS  NEED  OXYGEN 

So  much  for  the  breathing  of  people.  Do  animals 
breathe,  too?  Some  animals  do  not  have  lungs,  but  can 
get  their  oxygen  in  other  ways.  Later  you  will  find  out 
how  such  things  as  fish,  flies,  and  grasshoppers  obtain 
air.  All  animals  must  get  oxygen  in  one  way  or  another. 
Do  you  see  now  how  fires  act  like  animals,  including 
people?  Both  use  the  oxygen  of  the  air,  and  both  add 
water  and  carbon  dioxide  to  the  air. 

Scientists  now  know  that  much  of  the  food  we  eat 
disappears,  and  that  as  a  consequence  carbon  dioxide 
and  water  are  given  off.  The  blood  brings  these  sub- 
stances to  our  lungs,  and 

we  add  them  to   the   air  FIGURE  34 

when  we  exhale.     Heat  is  ~  ^ 

given  off,  too.  The  disap- 
pearance of  the  food  with- 
in the  body  is  so  nearly 
like  the  disappearance  of 
things  when  they  burn  that 
we  may  say  we  burn  food 
to  keep  us  warm.  There  is 
one  difference  —  there  are 
no  flames  inside  the  body 
when  materials  that  come 
from  foods  are  changed  into 
carbon  dioxide  and  water. 
Scientists  usually  do  not 
say  the  food  is  burned  in 
the  body,  but  that  it  is 
oxidized. 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Burn  some  food  to  show  that  it  gives  off  carbon 
dioxide  and  water.      Hint:  Sugar  may  be  burned  if 
placed  on  an  ordinary  marshmallow  which  is  then 
ignited.     Collect  a  bottle  of  the  gas  which  is  coming 
from  the  flame  and  test  with  lime  water. 

2.  Think  of  a  list  of  questions  about  everyday  life 
that  depend  for  correct  answers  on  scientific  principles 
about  breathing.     Here  are  two  to  start  with: 

a.  You  have  been  told  time  and  time  again  to  open  a 
window  in  your  bedroom.     Why  is  this  good  advice? 

b.  Why  do  the  windows  of  a  closed  automobile  "steam 
up"  so  quickly  in  cold  weather  when  there  are  several 
persons  in  the  car? 


Problem-Question  b    DO   PLANTS   NEED   AIR? 

Since  ancient  times  farmers  have  always  plowed  their 
fields  before  they  planted  their  seeds.  They  have 
learned  that  unless  they  do  so  they  do  not  get  good 
crops.  The  farmer  of  today  knows  that  if  his  plants 
are  to  make  a  good  growth  he  must  keep  the  ground 
porous  so  that  air  may  get  into  it.  Just  how  the  plants 
make  use  of  the  air  in  the  soil  must  be  left  to  other  les- 
sons. For  the  present  it  is  enough  to  know  that  air  is 
needed.  Perhaps  you  wonder  if  you  can  show  this  by 
an  experiment.  Yes,  if  you  are  not  in  a  hurry  you  can 
show  that  sprouting  seeds  need  air.  You  must  remem- 


Cotton 


FIGURE  35.     Why  should  the  beans  be  placed  close  to 
the  sides  of  the  bottles? 
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ber  that  scientists  may  have  to  wait  months  and  some- 
times years  for  some  of  their  answers.  You  can  get 
your  answer  in  about  a  week. 

Fill  two  milk  bottles  about  three  fourths  full  of  cot- 
ton. Do  not  pack  it  down.  Sprinkle  the  cotton  with 
water  until  it  is  quite  wet.  Then  place  a  few  beans, 
which  have  been  soaked  overnight  in  water,  on  the  cot- 
ton close  to  the  walls  of  the  glass  as  shown  in  Figure  35. 
Partly  cover  the  beans  with  the  damp  cotton. 

Seal  one  bottle  airtight.  If  you  use  a  cardboard  seal, 
coat  it  with  paraffin  to  make  it  tight.  Place  the  bottles 
where  they  will  not  be  disturbed  and  select  someone  to 
keep  the  cotton  in  the  open  bottle  damp.  After  a  few 
days  you  can  tell  whether  the  seeds  grow  equally  well 
in  the  two  bottles.  In  thinking  about  the  results,  re- 
member that  there  is  some  air  in  the  closed  bottle. 

Scientists  have  discovered  that  the  green  leaves  of 
plants  also  make  use  of  air.  They  use  air  in  making 
stems,  leaves,  flowers,  and  seeds.  Such  foods  as  sugar, 
corn,  and  rice  are  made  almost  entirely  from  air  and 
water.  You  naturally  conclude,  then,  that  plants  need 
air. 

In  which  bottle  is  the  growth  better? 

How  have  the  four  problem-questions  helped  you  to 
solve  the  problem:  Can  living  things  do  without  air? 


Syringe 
bulb 


Rubber  tube 


Sprouted  beans 


FIGURE  36.     Why  would  it  be  unscientific  to  blow  the 
air  out  of  the  flask  rather  than  to  use  the  bulb? 
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SOME  THINGS  YOU  MAY  CARE  TO  DO 

Show  that  sprouting  beans  give  off  carbon  dioxide. 
Arrange  the  apparatus  as  shown  in  Figure  36.  Use 
about  thirty  beans  and  place  them  upon  wet  blotting 
paper  until  they  are  sprouted.  Next,  put  them  into  the 
bottle  and  let  them  continue  to  sprout  for  two  or  three 
days.  Then  insert  the  stopper,  wait  two  or  three  hours, 
and  force  the  air  slowly  through  the  lime  water. 

Why  is  an  empty  flask  not  needed  as  a  control  in  this 
experiment? 


Problem  D    COULD  WE  HEAR   IF   THERE   WERE 
NO   AIR? 

Man  and  animals  use  air  in  other  ways  than  to  help 
sustain  life.  One  way  in  which  they  use  it  concerns 
sound.  In  the  far-off  Antarctic,  hundreds  of  miles 
from  a  living  soul,  the  ice  is  cracking  up  and  waves  are 
dashing  upon  the  icy  shores  of  the  sea.  Is  there  any 
sound  there?  Some  may  say  "No,"  because  there  are 
no  ears  to  hear  it.  Others  may  say  "Yes,"  because 
there  are  animals  there  to  hear  it.  Still  others  will  say, 
"There  is  sound  there  anyway,  whether  or  not  there 
may  be  ears  to  hear  it." 

Before  you  can  answer  this  question  for  yourself,  you 
will  need  to  know  what  we  mean  by  the  word  "sound." 

Problem-Question  1    WHAT   CAUSES   SOUND? 

Stretch  a  rubber  band  between  your  two  hands  and 
have  a  second  person  pull  it  to  one  side  and  then  release 
it  suddenly.  As  long  as  the  stretched  band  is  still,  no 
sound  comes  from  it ;  but  when  it  is  moving,  it  will  make 
a  noise.  As  soon  as  it  stops  moving,  the  sound  will 
cease. 
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FIGURE  37.     A  sounding  tuning  fork  splashes  the  water. 

What  evidence  was  there  that  the  band  was  moving  while 
giving  off  sound? 

SOUNDING  BODIES 

Figure  37  shows  what  occurs  when  a  tuning  fork 
which  is  giving  off  a  sound  is  dipped  in  water.     The 


FIGURE  38.    When  the  sounding  fork  is  moved  along,  it  traces  a  wavy 
line  on  smoked  glass. 

tuning  fork  is  moving  so  rapidly  that  you  cannot  see  the 
motion.  Figure  38  shows  that  the  fork  is  moving  back 
and  forth  like  the  rubber  band.  When  anything  moves 
back  and  forth  in  this  way,  it  is  said  to  be  vibrating. 


Copyright,  Houghton  Mifflin  Co. 

FIGURE  39.    This  string  is  vibrating  in  three  parts. 
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Almost  every  object  can  be  made  to  vibrate,  but  all 
do  not  do  so  in  the  same  way.  A  string  of  a  harp  may 
vibrate  as  shown  in  Figure  39.  A  drumhead  may  act 
in  some  other  strange  manner  when  giving  off  sound, 
but  you  can  be  sure  that  if  a  sound  is  coming  from  a 
whistle,  or  a  creaky  door,  or  the  wind,  or  anything 
whatsoever,  something  is  vibrating. 

In  a  harmonica  it  is  the  small  metal  strips  or  reeds. 
Hammers  pound  the  strings  of  a  piano,  and  a  bow  starts 
the  vibrations  of  violin  strings.  The  crash  you  hear 
when  a  drinking  glass  falls  and  breaks  comes  from  the 
vibrations  of  the  pieces  of  glass  and  the  floor.  Those 
who  have  blown  across  the  mouth  of  a  bottle  have 
heard  the  sound  made  by  the  vibration  of  air  in  the 
bottle.  Band  music  comes  chiefly  from  the  vibrating 
air  inside  the  horns.  What  is  moving  to  produce  the 
buzz  of  a  mosquito? 

Not  all  vibrating  bodies  produce  sound.  You  know 
that  objects  hanging  from  a  support  may  swing  back 
and  forth  without  making  a  noise,  and  that  jelly  quivers 
noiselessly.  You  will  see  later  that  these  move  too 
slowly  to  be  heard.  The  human  ear  does  not  hear  a 
sound  if  an  object  vibrates  either  too  slowly  or  too 
rapidly.  However,  it  is  possible  that  some  animals 
may  hear  sounds  which  we  cannot  detect. 

A  musician  may  think  of  sound  as  the  effect  produced 
upon  the  ear,  but  a  scientist  thinks  of  it  as  the  kind  of 
vibration  that  can  produce  an  effect  upon  the  ear.  Thus, 
in  science  we  say  that  there  is  sound  in  the  Antarctic, 
whether  it  is  heard  or  not. 

SOMETHING  YOU  MAY  CARE  TO  DO 

Show  that  the  head  of  a  banjo  or  the  wood  of  a  guitar 
vibrates.  To  do  this,  place  a  few  grains  of  puffed  rice 
or  puffed  wheat  on  the  instrument.  Then  pluck  the 
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largest  string  vigorously  and  watch  the  grains  closely. 
See  whether  the  vibrations  are  more  noticeable  ir  one 
place  than  in  another. 

If  you  have  a  drum,  try  the  rice  on  it,  but  do  not 
strike  the  drumhead  too  hard  at  first. 


FIGURE  40 


Problem-Question  2    is    AIR    NEEDED    TO    CARRY 

THE  MOTION  OF  A  SOUND- 
ING BODY  TO  THE  EAR? 

A  good  way  to  begin  your  study  of  this  question  is  to 
listen  to  an  electric  bell  placed  in  a  bottle  as  shown  in 
Figure  40. 

Before  connecting  the  air  pump  to  the  bottle,  make 
sure  that  it  works  well.  Sometimes  a  drop  of  oil  will 
improve  it.  Because  the  pump  takes  out  only  a  little 
air  with  each  stroke,  you  must  not  expect  to  get  start- 
ling results  at  first.  If  the  sound  of  the  bell  does  not 
become  weaker  and  weaker 
as  you  pump,  look  for  a 
leak.  After  the  sound  is 
very  faint,  allow  air  to 
enter  the  bottle  and  notice 
the  change  in  loudness. 

It  is  difficult  to  make 
the  sound  disappear  en- 
tirely because  some  may 
be  carried  to  the  outside 
by  the  wires,  and  there 
will  always  be  some  air  left 
in  the  bottle.  However, 
complete  silence  is  not 
needed  to  show  that  air 
carries  sound  to  the  ear. 
It  is  enough  to  know  that 


FIGURE  41.     A  string  telephone 

the  sound  grows  weaker  and  weaker  as  the  air  is  taken 
from  the  bottle. 

Why  do  you  not  expect  the  sound  to  cease  suddenly? 

HOW  SOUND  TRAVELS 

Sound  will  travel  through  solid  substances.  Ordinarily 
it  is  air  that  carries  sound  to  the  ear,  but  you  can  show 
that  other  substances  will  also  carry  sound.  Place 
your  ear  on  top  of  your  desk  and  then  tap  or  scratch  the 
top  with  your  fingernail.  Or  place  one  end  of  a  long 
window  pole  against  the  lobe  of  your  ear  and  ask  a 
classmate  to  tap  or  scratch  the  other  end.  These 
sounds  that  cannot  be  heard  through  the  air  of  the 
room  may  be  distinctly  heard  through  the  pole. 

Most  solids  will  carry  sound.  Such  things  as  glass, 
plaster,  and  stone  carry  it  very  well,  while  sawdust, 
sand,  and  cloth  do  not.  The  iron  rails  of  a  railroad 
track  carry  sound  so  well  that  a  dog  that  happens  to  be 
near  them  may  hear  a  train  coming  before  the  train  can 
either  be  seen  or  heard  by  a  person  standing  beside  the 
tracks. 

A  string  telephone  can  be  used  to  show  tiiat  even  a 
cord  can  carry  sound.  Such  telephones  can  be  made 
from  round  cardboard  cereal  boxes  or  metal  baking- 
powder  cans.  For  best  results  make  only  a  small  hole 
in  the  center  of  the  bottoms  of  the  cans  and  draw  the 
string  tight  while  using  it.  Figure  41  shows  the  cans 
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close  together,  but  they  may  be  placed  in  different 
rooms.  It  is  best  not  to  wrap  the  cord  around  a  sup- 
port ;  simply  allow  the  cord  to  rest  upon  it. 

You  probably  can  hear  better  through  the  air  than 
through  the  string,  but  you  have  proved  that  a  cord  can 
carry  a  sound.  Before  electric  telephones  were  in  use, 
string  telephones,  using  wire  instead  of  string  and  large 
tin  pans  instead  of  cans,  were  sometimes  used  between 
places  a  quarter  of  a  mile  or  so  apart.  To  attract  at- 
tention one  of  the  pans  was  pounded.  Of  course  a 
speaker  had  to  talk  in  a  very  loud  voice. 

Water  will  carry  sound.  You  may  have  found  while 
in  swimming  that  water  will  carry  sounds  made  under 
the  surface.  If  the  wind  is  blowing  hard  it  is  useless 
to  fish  near  a  lake  shore  covered  with  loose  stones  the 
size  of  an  egg,  because  the  sounds  produced  when  the 
waves  pound  the  stones  together  frighten  the  fish  away. 

Because  so  many  things  about  us  are  moving  over  or 
against  each  other,  thus  causing  vibrations,  the  air  is 
usually  full  of  sounds.  Some  are  faint  and  some  are 
loud.  Because  sounds  become  fainter  as  you  get  far- 
ther away  from  a  sounding  body,  most  sounds  cannot 
be  heard  even  a  quarter  of  a  mile.  You  may  have  seen 
lightning  so  far  away  that  you  could  not  hear  the  thun- 
der. Glider  pilots  have  said  that  when  they  are  high  in 
the  air  so  few  sounds  reach  them  that  the  almost  com- 
plete silence  is  one  of  the  things  they  will  never  forget. 


Contracted 
.  Tube  end  of  tube 


Small  megaphone 


FIGURE  42 
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What  two  things  have  you  proved  are  necessary  to 
produce  sound? 

SOMETHING  YOU  MAY  CARE  TO  DO 

You  know  that  thunder  sometimes  shakes  windows. 
See  if  you  can  use  sound  to  make  a  candle  flame  flicker 
or  perhaps  blow  it  out.  The  apparatus  is  shown  in 
Figure  42. 

The  small  megaphone  may  be  made  of  cardboard  or 
paper.  The  tube  may  be  made  of  almost  any  material, 
but  it  should  not  be  more  than  one  inch  in  diameter  and 
should  be  even  smaller  at  the  end  near  the  candle.  A 
loud  sharp  sound  can  be  made  by  striking  two  blocks  of 
wood  together  near  the  megaphone. 

A  scientist  would  make  sure  that  it  was  the  sound 
and  not  the  draft  through  the  tube  that  acted  upon  the 
flame.  You  can  do  this  by  placing  a  little  smoke  in  the 
tube.  How  does  the  smoke  help  you  to  be  sure  of  your 
facts? 

REVIEW  QUESTIONS 

1.  What  proof  can  you  give  that  air  takes  up  room? 

2.  What  is  the  weight  of  a  cubic  foot  of  air? 

3.  What  kind  of  air  currents  does  a  sailplane  require  to  gain 
height  as  it  moves  through  the  air? 

4.  Mention  one  way  that  rising  air  currents  are  formed. 

5.  What  is  the  cause  of  air  pressure? 

6.  Give  two  uses  of  air  pressure. 

7.  Why  may  sand  be  used  to  put  out  a  fire? 

8.  What  substances  do  fires  add  to  the  air? 

9.  Why  does  the  air  enter  the  lungs  when  we  inhale? 

10.  How  does  exhaled  air  differ  from  ordinary  air? 

11.  What  is  meant  by  the  statement  that  a  sounding  body  is  a 
vibrating  body? 

12.  How  does  air  help  us  to  hear? 
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A  TEST  OF  YOUR  SKILL  IN  THE  USE  OF  THE  METHOD 
OF  A  SCIENTIST 

Read  the  description  below  at  least  twice  before  you  try  to  answer 
the  question  which  follows  it. 

Two  boys  tried  to  see  if  they  could  show  that  exhaled  air  contains 
less  oxygen  than  ordinary  air. 

The  first  boy  used  one  bottle  and  one  candle.  He  lighted  a  new 
candle  and  lowered  it  properly  into  the  bottle  full  of  exhaled  air  and 
left  it  until  it  went  out.  He  timed  it  to  see  how  many  seconds  it 
burned.  He  then  filled  the  same  bottle  with  fresh  air,  relighted  the 
candle,  and  repeated  the  experiment,  using  the  same  watch. 

Result:  He  found  that  the  candle  burned  for  a  longer  time  in  the 
bottle  of  exhaled  air. 

The  other  boy  had  two  candles  and  two  bottles  of  the  same  size. 
He  used  a  candle  that  had  been  burned  before  in  the  jar  of  ordinary 
air  and  a  new  candle  of  the  same  size  in  the  bottle  of  exhaled  air. 

Result:  The  candle  in  the  exhaled  air  burned  for  a  longer  time 
than  the  one  in  ordinary  air. 

Both  these  results  seem  to  show  that  chemists  may  be  wrong 
when  they  say  exhaled  air  contains  less  oxygen  than  ordinary  air. 
Their  teacher,  however,  told  the  boys  that  they  had  not  correctly 
followed  the  ways  of  a  scientist. 

What  did  the  boys  do  that  a  scientist  would  not  have  done  if  he 
had  been  doing  these  experiments? 

TEST  ON  THE  UNIT 

Do  not  write  in  this  book 

Some  of  the  following  statements  are  true,  others  are  false.  On  a 
sheet  of  paper  number  from  1  to  15  and  indicate  whether  the  cor- 
responding statement  is  True  or  False. 

1.  Air  is  not  a  substance  because  it  cannot  be  seen. 

2.  When  water  is  poured  into  a  tumbler  air  leaves  the  tumbler. 

3.  Air  weighs  about  a  pound  per  cubic  foot. 

4.  An  ordinary  wind  exerts  no  force  upon  objects  in  its  path. 

5.  All  winds  are  harmful  to  man. 

6.  Still  air  exerts  a  pressure  upon  objects. 

7.  Fires  remove  oxygen  from  the  air. 

8.  A  wood  fire  adds  carbon  dioxide  to  the  air. 

9.  A  wood  fire  adds  water  to  the  air. 

10.  The  breathing  of  animals  does  not  add  water  to  the  air. 
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11.  While  inhaling,  the  air  pressure  inside  the  air  spaces  of  the 
lungs  is  greater  than  that  of  the  air  outside  the  body. 

12.  Trees  need  aid  in  order  to  grow. 

13.  An  object  may  vibrate  too  slowly  to  produce  sound. 

14.  Sound  will  travel  in  air  but  not  through  water. 

15.  Sound  will  not  travel  through  a  solid  substance. 
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FITZPATRICK,  F.  L.,  and  STILES,  K.  A.,  The  Biology  of  Flight 
LYNDE,  C.  J.,  Science  Experiences  with  Home  Equipment 
MANZER,  J.  G.,  PEAKE,  M.  M.,  and  LEPS,  J.  M.,  Physical  Science 

in  the  A  ir  Age 

PALMER,  E.  LAURENCE,  Sound 
ROGERS,  AGNES,  Flight 
WEBSTER,  HANSON  HART,  Travel  by  Air,  Land,  and  Sea 
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Unit  Three 


Water  and  Life 


Rainier  National  Park 
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WATER  AND  LIFE 


SCIENTISTS  HAVE  FOUND  that  life  exists  in  many  differ- 
ent kinds  of  places,  such  as  the  shore  of  the  sea,  the  sur- 
face of  the  sea,  the  depths  of  the  ocean,  the  fresh  waters, 
on  land,  and  in  the  air.  Several  of  these  places  are  in 
water.  Indeed,  all  animals  and  plants  must  have  water 
whether  they  live  in  it  or  not. 

We  shall  divide  our  study  of  water  into  four  main 
problems.  These  have  to  do  with  the  amount  and  loca- 
tion of  water  on  the  earth,  the  forms  in  which  it  is  found, 
how  many  things  are  dissolved  in  water,  and  how  plants 
and  animals  obtain  this  substance.  Let  us  begin  by 
learning  where  water  is  found. 


Popular  Science  Monthly 

FIGURE  43.     If  the  ocean's  floor  were  dry 
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ML  Everesi,  Asia  -  29.141  ft 

Mt.  Aconcagua,  So.  America  -  22,834  ft 
Mt.  McKinley,  No.  America  -  20,300  ft 

Peak,  Africa  - 19,710  ft 
Mt.  Elbruz,  Europe  - 18,468  ft 

MtKosciusko,  Australia  -  7,328  ft 
Sea  level 


r> 


Average  ocean  depth 
12,500  ft. 

Greatest  depth  in 
Mediterranean  Sea  - 12,276  ft 


Greatest  depth  in 
Caribbean  Sea  •  20,568  ft 

Greatest  depth  in 
Atlantic  Ocean  -  27,972  ft 

Greatest  depth  in 
Pacific  Ocean  -  35,410  ft 
Popular  Science  Monthly 

FIGURE  44.     Ocean  depths  compared  to  mountain  heights 


Problem  A    WHERE   DOES   WATER   OCCUR? 

Three  fourths  of  the  earth's  surface  is  covered  with 
water.  Figure  43  suggests  how  the  North  Atlantic 
would  look  if  the  water  were  to  be  drained  away.  A 
great  pit  about  five  miles  deep  would  be  seen  near  Puerto 
Rico,  marking  the  place  of  the  Atlantic's  greatest  known 
depth.  A  vast  tableland,  the  Grand  Banks,  would  ap- 
pear near  Newfoundland.  Surrounding  each  of  the 
continents  would  be  a  nearly  flat,  fairly  narrow  border, 
varying  in  width.  This  is  known  as  the  Continental 
Shelf. 


Problem-Question   1    WHERE     is     THE     EARTH'S 

WATER     FOUND? 

Soundings  in  the  Pacific  Ocean,  near  the  Philippines, 
have  proved  that  the  sea's  greatest  known  depth  is 
about  seven  miles.  In  such  a  hole  the  highest  peak  in 
the  world,  Mount  Everest,  would  be  lost  more  than  a 
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United  Air  Lines 


FIGURE  45.     Old  Faithful 


mile  below  the  waves. 
These  great  depths  shown 
in  Figure  44  can  be  meas- 
ured by  the  time  it  takes 
sound  to  travel  to  the  bot- 
tom of  the  ocean  and  back. 
The  oceans  contain  most 
of  the  earth's  water.  If  all 
of  it  were  spread  out  evenly 
over  the  globe,  it  would 
make  a  layer  three  miles 
deep.  Think,  too,  of  the 
countless  lakes,  rivers,  and 
smaller  streams.  You  have 
also  learned  that  there  is 
moisture  in  the  air.  The  at- 
mosphere is  as  much  a  part 

of  the  earth  as  the  solid  rock  of  the  continents  or  the  vast 
expanses  of  the  wide  oceans.  Any  water  that  exists  in 
the  air,  then,  is  part  of  the  earth's  water. 

And  this  is  not  the  whole  story.  Visitors  to  the  Yellow- 
stone National  Park  watch  the  geysers  spouting  tons  of 
water  high  into  the  air.  Where  does  it  come  from? 
From  below  the  earth's  surface.  In  addition  to  ordi- 
nary streams  and  lakes,  many  underground  streams 
have  been  discovered.  We  are  ready  now  to  answer  our 
question  by  saying  that  there  is  water  on  the  earth's  sur- 
face, above  it,  and  below  it. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Underground  water  may  flow  to  the  surface  if  a 
pipe  is  sunk  to  the  level  where  porous  rock  holds  water. 
Such  a  thing  is  called  an  artesian  well.  You  can  make  a 
model  by  using  Figure  46  for  the  idea,  and  a  box  with  a 
glass  front  to  hold  the  materials.  See  how  good  a  model 
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FIGURE  46.     Layers  of  porous  and  non-porous  rock  with  flowing  well 

you  can  make.     Clay  may  serve  for  non-porous  rock, 
and  sand  for  porous  rock. 

2.  Make  a  collection  of  pictures  indicating  water  on 
the  surface  of  the  earth,  above  it,  and  below  it. 


FIGURE  47.     Heating  pieces  of  beet 
produces  water. 


Problem-Question  2    is   THERE   MUCH   WATER  IN 

LIVING    THINGS? 

The  world  of  living  things  is  so  extensive  that  we  can- 
not hope  to  answer  this 
question  by  a  series  of  ex- 
periments. We  can,  how- 
ever, use  a  few  samples  of 
living  things  for  one  or  two 
experiments. 

Use  a  test  tube  fitted  with 
a  bent  glass  tube  as  shown 
in  Figure  47.  Place  some 
material  from  living  plants 
in  it,  such  as  pieces  of  beet, 
or  carrot,  or  roots  of  a 
plant.  Heat  the  tube 
gently.  You  will  find  that 


water  drips  from  the  tube  into  the  beaker.  In  the  same 
way  you  may  test  other  plant  materials,  such  as  a  small 
piece  of  banana,  or  apple,  or  potato.  To  test  whether 
animal  tissues  contain  water,  you  may  use  a  small 
piece  of  meat  (animal  muscle),  or  egg. 

Do  the  plant  materials  tested  yield  water? 

Do  the  animal  materials  tested  yield  water? 

Is  it  advisable  to  heat  an  empty  test  tube  as  a  control? 
Why? 

WATER  IN  LIVING  THINGS 

Your  experiments  have  shown  you  that  there  is 
water  in  the  particular  living  things,  or  materials  that 
came  from  living  things,  which  you  tested.  But  are 
you  justified  in  concluding  that  there  is  water  in  all  liv- 
ing things?  Or  do  the  experiments  tell  you  anything 
about  how  much  water  these  living  things  contain? 

To  learn  the  whole  story  we  must  turn  to  the  work  of 
other  scientists  who  have  found,  by  careful,  accurate 
weighing  and  measuring,  the  exact  amount  of  water  in 
hundreds,  even  thousands  of  substances.  The  charts  in 
Figure  48  show  some  of  their  results. 

The  amount  of  water  in  animal  bodies  varies  greatly. 
Nearly  two  thirds  of  your  own  body  is  liquid,  while  a 
jellyfish  is  98  per  cent  water.  The  amount  of  water  in 
plants  also  varies.  Potatoes  are  75  per  cent  liquid, 
string  beans  are  89  per  cent,  and  lettuce  is  94  per  cent. 
Even  a  piece  of  wood,  such  as  you  burn  in  your  fireplace, 
will  sometimes  sizzle  when  it  gets  hot.  Often  you  can  see 
the  drops  of  liquid  coming  out.  You  know  that  freshly 
cut  wood  is  hard  to  burn  because  it  contains  much 
water.  We  may  conclude,  then,  that  water  is  necessary 
to  life,  both  in  plants  and  in  animals,  including  human 
beings. 
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Apple 


White  bread 


FIGURE  48.    Shaded  portion  represents  water  content.     Can  you  list  these  foods, 
which  are  from  plants  and  animals,  in  the  order  of  the  amount  of  water  they  contain? 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Balance  two  potatoes  on  scales.     One  of  the  pota- 
toes should  first  be  peeled.     If  they  do  not  balance 
exactly,  add  sand  to  the  pan  which  holds  the  lighter  of 
the  two.     Next  day  notice  whether  they  still  balance. 
If  not,  why  not?     Does  this  experiment  show  you  one 
effect  of  the  potato  skin? 

2.  Try  to  find  out  how  much  water  your  pet  dog  or 
cat  drinks.     Hint:  To  be  sure  that  the  water  does  not 
disappear  just  because  it  dries  up,  measure  into  each  of 
two  dishes  the  same  amount.     Place  one  dish  where 
your  pet  may  reach  it,  and  the  other  dish  where  it  will 
remain  undisturbed.     Keep  a  record  of  the  experiment 
for  several  days.     Each  time  you  change  the  water, 
measure  first  the  amount  left  in  each  of  the  dishes.    By 
comparing  the  two  dishes,  you  will  be  able  to  get  an 
idea  of  the  amount  of  water  drunk. 


Problem  B  HOW  DOES  WATER  CHANGE  FORM? 
Although  water  is  found  almost  everywhere  and 
even  in  plants  and  animals,  it  does  not  always  appear 
as  a  liquid.  Figures  49  and  50  show  water  in  three 
different  forms.  The  first  picture  shows  a  cloud  of  so- 
called  steam,  but  really  it  is  not  steam.  It  is  tiny  drops 
of  liquid  water.  Steam  is  invisible.  It  is  in  the 
upper  part  of  the  kettle,  and  some  of  it  has  come  out 
into  the  air,  but  you  cannot  see  it.  When  the  steam 
changes  to  liquid  water,  as  it  does  a  little  way  from  the 
end  of  the  spout,  it  becomes  visible.  In  the  next  pic- 
ture the  chunks  of  ice  are  solid  water.  Snow,  too,  is 
solid;  so  are  the  hailstones  shown  in  Figure  51,  page 
67.  Water,  then,  can  exist  in  three  different  forms,  or 
states:  as  a  liquid,  a  gas  or  vapor,  and  a  solid. 
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Problem-Question  1    is   WATER   ALWAYS   WET? 

You  may  think  this  a  silly  question.  Of  course  the 
answer  is  "Yes,"  you  say.  As  scientists,  however,  you 
are  ready  to  accept  what  you  can  learn  from  experi- 
ments. You  are  prepared  to  postpone  making  your 
conclusion  until  you  are  sure  of  all  the  facts  you  can 
find. 

Let  us  start,  then,  with  some  simple  experiments. 
First,  let  us  boil  some  water,  either  in  a  glass  beaker  or 
in  a  small  stewpan.  After  it  is  boiling  briskly,  hold  a 
cold  glass  funnel  over  the  dish.  What  appears  on  the 
glass  funnel? 

Keep  the  dish  over  the  heat  until  the  water  boils 
away. 

Was  the  water  wet  to  start  with?     Where  did  it  go? 

Could  you  see  the  water  in  vapor  form?  Was  the  mois- 
ture on  the  glass  funnel  water  vapor  or  liquid  water? 

For  our  second  experiment  let  us  freeze  some  water; 
in  other  words,  change  it  from  the  liquid  form  to  the 
solid  form.  Pour  a  few  drops  of  water  into  a  shallow 


FIGURE  49.      Notice  the  space  between  the 
spout  and  the  cloud.     Where  is  the  steam? 


FIGURE  50.     Here  is  water  in  solid  form. 


dish,  such  as  a  watch  glass.  If  the  weather  is  cold 
enough,  you  may  set  the  glass  outdoors.  In  warm 
weather  good  results  may  be  obtained  by  setting  the 
watch  glass,  or  a  test  tube  with  a  little  water  in  it,  on 
a  mixture  of  cracked  ice  and  salt,  or  cracked  ice  and 
alcohol. 

What  change  takes  place  in  the  water?  After  the  ice  is 
fully  formed,  touch  it.  Is  it  wet? 

EVAPORATION  AND  CONDENSATION 

From  these  experiments  you  learn  that  water  can 
change  its  form.  It  can  disappear  from  view  as  it 
changes  from  a  liquid  to  a  gas  or  vapor.  In  one  case 
you  used  heat  to  cause  the  change  to  take  place  rapidly. 
Water,  however,  is  constantly  changing  from  the  liquid 
state  to  the  vaporous  state.  We  call  the  process  evap- 
oration. You  know  that  if  you  leave  a  saucer  of  water 
for  your  dog  or  cat,  the  water  will  disappear,  whether  or 
not  your  pet  drinks  it. 

The  change  from  liquid  water  to  water  vapor  is 
evaporation;  the  opposite  change,  from  vapor  to  liquid, 
is  called  condensation.  Where  does  the  moisture  on  the 
outside  of  a  pitcher  of  ice  water  come  from?  Haven't 
you  often  noticed  such  moisture  on  the  outside  of  your 
glass  or  bottle  of  cold  drink?  Water  vapor  in  the  air 
condenses,  changing  from  a  dry  vapor  to  tiny  droplets 
of  liquid  water. 

When  you  remove  a  tray  of  ice  cubes  from  the  refrig- 
erator, you  may  touch  the  ice  without  wetting  your 
finger.  If  you  leave  the  tray  on  the  table,  however,  it 
will  not  be  long  before  the  ice  begins  to  melt.  The  dry, 
solid  form  of  water,  ice,  changes  to  the  wet,  liquid  form. 

You  are  now  ready  to  answer  the  question.  You 
have  found  that  there  are  three  forms  of  water  and 
only  one  is  wet.  The  pictures  show  water  in  various 
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U.S.  Weather  Bureau 

FIGURE  51.    These  iceballs,  hailstones  as  large  as  snowballs,  fell  in 
Nebraska  a  few  years  ago. 

states.    What  other  pictures  can  you  find,  showing 
water  as  a  liquid,  a  solid,  or  a  gas  or  vapor? 

SOMETHING  YOU  MAY  CARE  TO  DO 

Pour  a  cupful  of  water  into  a  bottle,  another  cupful 
into  a  tumbler,  and  another  cupful  into  a  soup  plate. 
Observe  the  results  for  several  days.  From  which  con- 
tainer does  the  water  evaporate  most  quickly?  Most 
slowly?  Can  you  account  fcr  ^e  results? 


Problem-Question  2    HOW  ARE  CLOUDS  FORMED? 

In  your  last  lesson  you  boiled  water,  causing  it  to 
change  from  a  liquid  to  steam.  Steam  is  water  vapor 
at  the  boiling  point.  As  it  cools,  it  soon  changes  from 
its  invisible  form  to  a  cloud  of  tiny  drops  of  liquid. 

Evaporation,  the  slower  change  from  liquid  water  to 
vapor,  is  always  going  on  all  over  the  world.  You 
probably  know  a  pond  or  lake  in  which  the  water  level 
varies.  In  time  of  drought  so  much  water  evaporates 
that  the  level  sinks  far  below  normal. 

The  water  which  is  constantly  entering  the  air  is  in 
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FIGURE  52.    Blowing  into  the  tube. 


FIGURE  53.     Why  does  the  cloud  form 
in  the  bottle? 


the  form  of  vapor.  But  clouds  are  not  composed  of 
vapor.  They  are  made  up  of  droplets  of  liquid  water. 
If  you  fly  through  a  cloud,  you  seem  to  be  in  a  dense, 
wet  fog. 

You  can  perform  an  experiment  to  show  cloud  forma- 
tion. The  apparatus  is  shown  in  Figure  52.  Pour  a 
little  water  into  a  flask.  The  air  above  the  water  con- 
tains vapor,  evaporating  from  the  water  surface,  but, 
of  course,  it  is  invisible.  Drop  a  burning  match  into 
the  flask.  This  is  to  furnish  smoke,  which  makes  it 
more  likely  that  the  water  will  condense.  Now  insert 
the  stopper  fitted  with  a  bent  glass  tube,  attached  to  a 
piece  of  rubber  tubing.  Blow  through  the  rubber  tubing 
as  hard  as  you  can,  squeeze  or  clamp  the  tubing  to  re- 
tain the  air,  and  then  release  it  suddenly.  A  small  cloud 
should  appear  inside  the  flask.  This  experiment  shows 
the  three  things  necessary  for  the  formation  of  a  cloud  — 
water  vapor,  smoke  or  dust,  and  expanding,  cooling  air. 

When  did  the  cloud  appear? 
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FIGURE  54.     Cirrus  clouds 


FIGURE  55.    Stratus  clouds 


CLOUDS 

Kinds  of  clouds.  Clouds  give  our  days  variety  and 
beauty.  Yet  no  attempt  was  made  to  name  them  and 
classify  them  until  a  little  more  than  a  hundred  years 


FIGURE  56.    Cumulus  clouds 


FIGURE  57.    Nimbus  clouds 


ago.  Then  simple  Latin  names  were  given  to  four  dis- 
tinct types  of  clouds.  They  are  cirrus,  stratus,  cumu- 
lus, and  nimbus.  Cirrus  means  "lock"  or  "curl,"  and 
refers  to  the  high,  white  wisps  of  clouds  seen  on  fair 
days.  Stratus  means  "layer,"  and  is  used  for  any  cloud 
that  spreads  over  the  sky.  Cumulus  means  a  "heap," 
and  describes  the  billowing  masses  of  white  clouds  that 
people  call  thunderheads.  Nimbus  means  "rain  cloud," 
and  refers  to  any  cloud  from  which  rain  or  snow  falls. 

Dew,  frost,  and  fog.  Do  you  know  why  water  vapor 
sometimes  turns  into  clouds,  sometimes  into  fog,  some- 
times into  dew,  and  sometimes  into  frost?  In  every 
case  the  condensation  is  caused  by  cooling.  Clouds 
usually  form  in  the  cool  upper  air.  Fog,  dew,  and  frost 
form  near  the  ground,  because  the  ground  cools  rapidly 
and  the  moisture  condenses.  A  thin  layer  of  air  next  to 
the  ground  is  cooled  by  contact  with  the  chilled  surface. 
Dew  or  frost  forms  from  the  condensation  of  moisture 
on  a  cold  object.  If  the  temperature  is  above  the  freez- 
ing point,  dew  forms;  if  below,  frost  forms.  The  tiny 
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FIGUBE  58.    The  water  cycle.     What  changes  of  form  are  shown? 
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crystals  of  ice  which  condense  as  frost  are  often  ar- 
ranged in  beautiful  patterns.  If  the  cooling  of  the  air 
extends  for  some  distance  above  the  ground,  the  water 
vapor  may  condense  as  fog. 

The  water  on  the  earth,  you  have  now  learned,  is 
changing  form  continually.  Now  solid,  now  vapor, 
now  liquid,  its  form  depends  largely  upon  the  tempera- 
ture of  its  surroundings. 

SOMETHING  YOU  MAY  CARE  TO  DO 

Write  a  story  about  the  life  of  a  water  drop,  basing  it 
upon  the  diagram  in  Figure  58. 

Problem  C    WILL   WATER  DISSOLVE   MOST 

THINGS? 

Having  learned  how  water  is  distributed  over  the 
world,  and  something  about  the  forms  it  takes,  let  us 
now  consider  ways  in  which  it  is  of  use  to  us.  One  of 
these  depends  upon  the  fact  that  many  things,  such  as 
common  salt  or  sugar,  can  be  dissolved  in  water.  The 
water  that  falls  to  the  earth  as  rain  is  just  water  —  pure 
water,  we  say.  You  would  naturally  think  that  this 
would  be  the  best  sort  of  drinking  water,  but  have  you 
ever  tasted  it?  How  flat  it  seems!  Drinking  water 
tastes  good  when  it  has  something  else  in  it.  In  fact, 
when  it  has  the  right  substances  in  it,  it  is  better  for  our 
health  than  pure  rain  water. 

Problem-Question  1    WHAT  ARE   SOME   THINGS 

THAT     WATER     CAN    DISSOLVE? 

When  rain  water  falls  upon  the  earth  some  of  it  sinks 
in,  and  some  of  it  flows  over  the  surface.  It  picks  up 
tiny  particles  of  the  earth  as  it  moves  along.  Some 
particles  can  be  seen;  they  make  the  water  muddy. 
But  others  are  invisible.  Water  may  contain  them  and 
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FIGURE  59.     Steps  in  folding  filter  paper 

still  appear  clear  and  sparkling.  We  say  that  these 
invisible  particles  are  dissolved  in  the  water.  Water 
with  such  particles  dissolved  in  it  is  called  a  solution. 
Anything  that  can  be  dissolved  is  said  to  be  soluble.  It 
is  well  to  understand  the  meanings  of  these  three  words. 
An  experiment  will  show  you  more  clearly  what  a 
solution  is.  We  might  use  many  different  substances 
for  the  experiment,  but  let  us  choose  tea  leaves.  Place 
some  of  the  leaves  in  the  bottom  of  a  clear  glass  beaker 
or  large  test  tube,  and  add  hot  water.  As  you  watch  the 
liquid  in  the  glass,  you  notice  that  it  begins  to  change 
color.  Does  the  yellow  spread  instantly  or  slowly? 
In  time  you  will  find  that  the  liquid  is  all  one  color. 
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FIGURE  60A.    How  many  of  these  substances  dissolve  in  water? 
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Next  we  shall  try  to  find  out  whether  the  colored  sub- 
stance can  be  removed  from  the  liquid  by  filtering  it. 
Fold  a  round  piece  of  filter  paper  as  shown  in  Figure  59 
and  place  it  in  a  small  glass  funnel,  so  that  no  liquid  can 
pass  down  the  funnel  without  going  through  the  paper. 
Place  the  funnel  in  a  test  tube,  and  pour  some  of  the  tea 
solution  through  it.  Examine  the  liquid  that  runs 
through.  Can  you  tell  by  its  color  and  its  taste  whether 
there  is  tea  in  it?  Can  you  see  any  particles  floating  in 
it,  or  is  it  a  clear  liquid? 

Our  last  test  will  be  to  see  if  the  solution  changes  if  it 
is  left  a  day  or  two.  Does  the  tea  settle  at  the  bottom? 

What  three  things  about  a  solution  have  you  learned? 

SOLUTIONS 

Many  experiments  made  with  different  materials 
show  that  all  solutions  have  certain  things  in  common: 
(1)  The  liquid  is  clear,  showing  no  particles.  (2)  The 
dissolved  substance  cannot  be  filtered  out.  (3)  The 
dissolved  substance  is  spread  all  through  the  liquid  and 
does  not  settle  to  the  bottom. 


FIGURE  60B.    How  many  of  these  substances  dissolve  in  water? 
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You  may  like  to  learn  about  some  other  substances 
that  will  dissolve  in  water.  You  may  use  test  tubes,  or 
bottles,  as  in  Figures  60  A  and  B.  Each  bottle  was  first 
filled  with  warm  water.  All  but  one  had  a  teaspoonful 
of  some  substance  added.  After  the  bottles  were  shaken 
well,  they  were  allowed  to  stand  for  five  minutes.  If 
you  do  this  experiment,  be  sure  to  leave  the  bottles  un- 
touched until  the  next  lesson. 

Can  you  tell  which  substances  dissolved  in  the  water? 

Why  did  we  use  one  bottle  with  no  substance  added  to  it? 

Useful  solutions.  Water  which  has  substances  dis- 
solved in  it  may  be  more  valuable  than  pure  water.  All 
living  things,  both  animals  and  plants,  use  their  foods 
in  the  form  of  solutions.  Potassium  nitrate,  for  exam- 
ple, is  a  desirable  plant  food.  It  must  be  dissolved  in 
water  before  it  can  be  taken  in  by  plant  roots. 

Iodine  is  a  substance  that  is  necessary  for  our  health. 
People  who  live  in  regions  where  there  is  little  iodine 
dissolved  in  the  water  are  likely  to  develop  the  disease 
called  goiter,  unless  they  add  iodine  to  their  diet  in  some 
other  way. 

Some  things  dissolve  slowly.  The  results  of  your  ex- 
periment may  have  led  you  to  think  that  sand  and 
powdered  chalk  are  not  soluble.  You  could  still  see  the 
particles  at  the  end  of  the  five-minute  test.  Remember, 
however,  that  a  true  scientist  is  not  hasty  in  coming  to 


FIGURE  61A 
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a  conclusion.  Suppose  you  should  leave  the  materials 
in  the  water  for  days,  even  for  months  or  years?  The 
fact  is  that  even  the  hardest  rocks,  if  soaked  long 
enough,  will  dissolve  in  water.  Metals,  such  as  iron, 
will  do  the  same  thing  if  given  enough  time.  In  fact, 
water  dissolves  so  many  things  that  it  hasjbeen  called 
the  universal  solvent. 

Sea  water.  Sea  water  contains  many  substances  in 
solution.  If  you  have  ever  gone  swimming  in  the  sea, 
you  know  from  experience  that  it  contains  salt.  Do 
you  like  the  briny  taste?  In  addition  to  common  salt, 
chemists  have  found  many  other  substances  in  sea 
water.  Of  these  some  of  the  best  known  are  iodine, 
aluminum,  iron,  gold,  silver,  and  even  radium.  Since 
radium  is  very  valuable,  it  is  hoped  that  scientists  will 
find  a  way  to  get  it  from  the  sea. 

SOMETHING  YOU  MAY  CARE  TO  DO 

Find  out  how  many  of  the  articles  from  the  pantry 
shelf  at  home  will  dissolve  in  water. 

Problem-Question  2    HOW  MAY  DISSOLVED   MIN- 
ERALS   BE    TAKEN    FROM    WATER? 

You  have  seen  that  substances  dissolve  in  water.  If 
you  wish  to  get  them  out  of  solution  again,  what  can 
you  do? 


FIGURE  61B 
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The  shallow  glasses  shown  in  Figures  61  A.  and  B  each 
contained  a  teaspoonful  of  the  liquids  from  the  bottles, 
shown  on  page  73.  To  hasten  the  evaporation  of  the 
water,  they  were  heated  gently  on  a  sheet  of  asbestos 
over  a  flame.  The  same  results  could  be  reached,  more 
slowly,  by  leaving  them  on  a  hot  radiator.  After  the 
water  evaporated,  the  dissolved  substances  were  left 
behind. 

Which,  if  any,  of  the  substances  tested  failed  to  appear? 

Did  the  water  which  had  nothing  added  to  it  show  that 
something  was  already  dissolved  in  it? 

REMOVING  SUBSTANCES  FROM  SOLUTIONS 

The  experiment  shows  that  one  way  of  obtaining  dis- 
solved materials  from  water  is  to  evaporate  the  water. 
Salt  may  thus  be  obtained  from  sea  water.  In  caves, 
where  water  evaporates  slowly,  the  minerals  are  some- 
times left  behind. 

Water  that  contains  much  dissolved  mineral  matter 
is  known  as  hard  water,  which  is  usually  undesirable. 
If  you  live  in  a  region  where  the  water  is  hard,  you  will 
probably  find  that  the  teakettle  has  a  coating  on  the 
inside.  This  is  really  rock  which  was  dissolved  in  the 
water.  When  water  boils,  only  the  pure  water  leaves  it 
as  steam;  the  minerals  are  left  behind,  forming  the  scale 
in  the  kettle.  Hard  water  makes  hard  work.  Washing 
with  it  is  unsatisfactory.  It  is  necessary,  therefore,  to 
get  these  minerals  out  of  solution.  Removing  them  by 
evaporation  is  not  practical.  Soap  or  other  chemicals, 
known  as  water  softeners,  are  often  used.  The  minerals 
appear  as  part  of  the  scum  which  you  may  have  seen  in 
bathtubs  or  washbowls. 

You  see  that  the  problem  of  getting  the  hardness  out 
of  water  is  different  from  the  one  of  getting  salt  from  sea 
water.  In  the  first  case  we  wish  to  use  the  salt;  in  the 
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second  case  we  wish  to  use  the  water.    How,  then,  will 
you  answer  the  problem-question? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Get  five  cents'  worth  of  alum  at  the  drugstore. 
Dissolve  it  in  hot  water  and  pour  the  solution  into  a 
tumbler.     If  you  then  smear  the  part  of  the  tumbler 
above  the  liquid  with  vaseline,  the  experiment  will 
work  better.     The  alum  will  come  out  of  the  liquid  in 
the  form  of  crystals,  as  the  solution  cools  and  some  of 
the  liquid  evaporates.    Figure  62  shows  crystals  formed 
on  two  strings,  each  of  which  had  a  paper  clip  on  the 
end. 

2.  Dissolve  as  much  sugar  or  salt  as  you  can  in  a  cup 
of  hot  water.     Then  try  to  get  the  sugar  or  salt  back 
again.     What  method  will  you  use? 

Problem-Questions    CAN   WATER   DISSOLVE 

GASES? 

You  have  already  seen  that  water  will  dissolve  solids. 
Will  it  dissolve  a  gas?    No  doubt  you  have  noticed  that 


FIGURE  62.     Alum  comes  from  a  FIGURE  63.     The  left-hand  bottle 

solution  in  crystal  form.  contains  warm  water. 
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an  ordinary  glass  of  drinking  water  which  has  stood  for 
an  hour  or  two  has  little  bubbles  on  the  inside  of  the 
glass.  These  are  air  bubbles. 

To  find  out  whether  warm  water  or  cold  water  holds 
more  air,  fill  two  bottles,  one  from  the  hot-water  faucet 
and  the  other  from  the  cold-water  faucet.  Does  your 
result  agree  with  that  shown  in  Figure  63,  page  77? 

What  does  this  experiment  show  that  will  help  in  an- 
swering the  problem-question? 

GASES  IN  WATER 

At  first  thought  it  may  seem  impossible  that  a  gas  can 
be  in  a  liquid.  But  you  have  seen  evidences  of  gases  com- 
ing out  of  liquids  many  times.  Perhaps  you  have  tried  to 
boil  some  water  quickly  and  have  been  impatient  at  hav- 
ing to  wait  a  few  minutes.  Bubbles  began  to  rise  to  the 
surface,  and  perhaps  you  thought  that  the  water  was  boil- 
ing. But  those  first  bubbles  were  air,  not  steam.  This 
shows  that  air  at  least  is  commonly  dissolved  in  water. 

Even  while  raindrops  are  falling  through  the  air,  they 
are  able  to  dissolve  small  quantities  of  oxygen  and  car- 
bon dioxide.  So  if  we  think  of  "pure"  water  as  having 
nothing  dissolved  in  it,  we  cannot  say  that  rain  water  is 
absolutely  pure,  after  all.  In  making  "pop,"  carbon 
dioxide  is  dissolved  in  water.  When  you  open  the  bot- 
tle, you  see  the  bubbles  of  gas  rising  to  the  top,  some- 
times so  fast  that  the  bottle  overflows  with  foam.  But 
before  you  opened  the  bottle,  you  could  not  see  the  gas 
at  all.  " 

How  has  answering  the  problem-questions  helped  you 
to  solve  the  problem:  Does  water  dissolve  things? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Collect  some  carbon  dioxide  from  ginger  ale,  or 
other  "mineral  water."  Figure  64  shows  the  appa- 
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FIGURE  64.     How  can  you  prove  that  the 
gas  is  carbon  dioxide? 


ratus.  Heating  the  bottle 
by  placing  it  in  hot  water 
causes  the  gas  to  escape 
more  quickly.  How  many 
bottles  of  the  gas  can  you 
obtain  from  one  bottle  of 
ginger  ale? 

2.  See  how  air  dissolved 
in  water  improves  its  taste. 
First  boil  some  water  and 
allow  it  to  cool.      Boiling 

drives  out  the  air  that  was  dissolved  in  it.  When  you 
taste  it  after  it  is  cool,  you  will  not  enjoy  its  flavor. 
Now  pour  some  of  the  boiled  water  from  a  pitcher  held 
at  least  a  foot  above  the  glass.  Pour  it  through  the  air 
a  number  of  times,  and  then  taste  it  again.  More  air 
has  now  had  a  chance  to  dissolve  in  the  water.  Does  it 
taste  better? 

3.  Put  a  goldfish  for  a  minute  or  two  into  cold  boiled 
water.     If  it  seems  uncomfortable,  the  cause  is  the  lack 
of  oxygen.     The  fish  is  not  suffering,  and  will  be  un- 
harmed if  you  put  it  back  into  its  aquarium  immedi- 
ately. 


Problem  D    HOW  DO  LIVING  THINGS  GET 

WATER? 

Having  seen  that  living  things  contain  water,  let  us 
now  study  some  of  the  ways  in  which  they  obtain  it. 
Many  animals  drink  water.  What  kinds  of  animals 
have  you  seen  drinking?  They  vary  a  great  deal  in 
the  amount  they  need  at  any  given  time.  Camels, 
for  example,  can  go  for  a  long  time  without  drinking,  as 
you  know.  The  reason  is  that  they  can  store  water  in 
the  walls  of  their  stomachs.  When  a  camel  does  drink, 
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it  takes  in  a  large  amount.  Some  other  animals,  rab- 
bits for  example,  seldom  seem  to  drink.  They  eat  let- 
tuce, however,  and  other  soft  watery  foods.  They  get 
enough  water  for  their  needs  in  tliis  way. 

Plants,  too,  need  water.  You  have  probably  seen 
the  wilted  remains  of  a  house  plant  that  someone  forgot 
to  tend.  Flowering  plants  in  gardens  soon  wither  and 
die  during  a  drought.  Cut  flowers,  if  the  stalks  are  not 
put  into  water,  soon  droop.  This  seems  to  show  that 
plants  take  in  water  and  that  to  some  extent  their  wel- 
fare depends  on  it. 


Problem-Question  1    HOW    DO    PLANTS    GET    THE 

WATER    THEY    NEED? 

Plants  have  no  mouths  with  which  to  drink. 
Most  of  the  plants  that  you  know,  however,  have  a 
root  system  through  which  they  get  liquids.  Some 
plants  have  an  almost  unbelievable  amount  of  roots. 
The  one  wild-oat  plant  shown  in  Figure  65  has  over  a 
thousand  separate  roots,  measuring  in  all  more  than  three 
hundred  miles  in  length! 

If  you  dig  up  a  weed  from  the  roadside  or  garden,  you 
may  not  find  such  a  huge  root  system  as  shown  in  the 

FIGUKE65.     Single  crown  root  of  wild  oat  Pictu^>    but    y°U    ^    be 

plant  80  days  old.   Total  length  of  roots  shown  Surprised  to  See  how  large 

here  measures  more  than  300  miles.  H  jg       Wagh  Qff  ^j  ^  ^ 
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and  spread  the  roots  out 
carefully  on  blotting  paper 
or  newspaper. 

How  many  roots  do  you 
find? 

Do  you  find  few  or  many 
branch  roots? 


FIGURE  66-    Two  carnations,  green  and  white 


FIGURE  67.    Dandelion  showing  long  taproot 


HOW  PLANTS  GET  WATER 

The  passage  of  water  through  a  plant.  From  the  roots 
water  passes  up  the  stem  of  a  plant  to  the  smaller 
branches  and  so  into  the  leaves.  You  may  think  of 
the  trunk  of  a  large  tree  as  similar  to  a  water  main, 
carrying  water  and  distributing  it  to  the  thousands  of 
leaves  as  the  water  main  supplies  the  houses  of  a  town. 

Have  you  ever  seen  a  green  carnation?  One  of  those 
shown  in  Figure  66  was  placed  in  a  strong  solution  of 
green  dye  and  left  over  night.  If  you  were  to  cut  across 
the  stem,  you  might  be  able  to  see  the  cut  ends  of  the 
tubes,  called  dads,  which  carry  the  liquid  up  into  the 
petals  of  the  flower. 

Dandelions  are  among  the  most  troublesome  of  our 
lawn  pests  because  their  long  root  systems  enable  them 
to  reach  soil  moisture  not  easily  obtained  by  other 
plants  near-by,  such  as  lawn  grass.  So  dandelions  can 
get  water  from  the  earth  even  when  the  soil  has  dried 
out  to  quite  a  depth. 
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FIGURE  68 


SOMETHING  YOU  MAY  CARE  TO  DO 

To  show  that  plants  give  off  water,  place  a  glass  jar 
over  a  healthy  potted  plant.  After  a  time,  perhaps 
half  an  hour,  you  may  notice  water  on  the  inner  side  of 
the  jar.  Where  did  it  come  from? 

The  possibilities  are:  from  the  leaves,  from  the  air,  or 
from  the  soil.  To  find  out  which  is  the  real  source,  you 
will  need  to  use  controls,  as  shown  in  Figure  68.  One  is 
another  potted  plant,  where  the  soil  is  covered  with  a 
rubber  sheet.  What  source  of  moisture  is  thus  shut 
out?  The  other  control  is  a  pot  containing  soil,  but  no 
plant. 

Do  all  the  jars  show  moisture? 

Is  the  amount  about  the  same? 

Can  you  reach  a  conclusion  as  to  its  source? 


Problem-Question  2    HOW   DO   WE   GET  THE 

WATER     WE     NEED? 

We  all  know  how  important  water  is  for  good  health. 
One  morning  the  newspapers  told  the  story  of  a  little 
five-year-old  girl  who  was  lost  in  the  mountains  for  eight 
whole  days.  Hardly  anyone  expected  that  she  would 
be  found  alive.  But  she  was  found,  and  although  she 
had  not  had  one  bite  to  eat,  she  had  lost  only  about 
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eight  pounds  in  weight.     What  had  kept  her  alive  was 
the  water  she  drank. 

Water  supplies.  The  problem  of  obtaining  enough 
water  for  drinking,  as  well  as  for  bathing,  laundry,  and 
all  the  other  purposes  for  which  it  is  used,  is  often  a 
hard  one  to  solve.  Many  villages,  towns,  and  cities 
owe  their  location  to  being  near  a  water  supply. 

Where  does  your  water  come  from?  Is  it  from  wells, 
from  a  river,  from  a  lake,  or  from  springs?  If  water  is 
piped  into  your  house  for  family  use,  try  to  find  out 
where  it  enters  the  house.  Is  it  possible  to  shut  off  the 
supply?  If  so,  where?  Why  might  it  be  necessary  to 
shut  it  off?  Can  you  trace  the  pipes  that  supply  the 
different  parts  of  the  house? 

Water  in  our  bodies.  How  do  you  get  the  water  that 
you  need  to  keep  up  the  two  thirds  of  your  body  weight? 
Obviously,  much  of  it  comes  from  what  you  drink. 
Turn  back  to  Figure  48  on  page  63.  When  you  drink 
milk,  or  eat  eggs  or  lettuce,  or  even  bread,  you  are  taking 
water  into  your  body.  Soup  is  a  fine  source  of  water; 
so  is  ice  cream  and  sherbet.  There  is  no  food  which 
does  not  contain  some  moisture.  It  is  not  wise,  however, 
to  depend  only  upon  the  food.  Most  people  drink  too 
little  water.  It  is  a  good  plan  to  drink  water  between 
meals,  not  only  occasional  sips  from  a  drinking  fountain, 
but  full  glasses. 

Water  has  many  uses  in  our  bodies:  (1)  It  carries  the 
food  to  all  parts.  Dissolved  food  passes  through  the 
walls  of  the  digestive  system  into  the  blood,  which  is 
itself  largely  made  up  of  water.  The  blood  distributes 
the  food  to  the  body  cells.  (2)  Some  waste  products 
are  carried  off  by  the  blood  and  discharged  from  the 
body  in  water.  (3)  Water  acts  as  a  heat  regulator  in 
the  body.  When  it  evaporates  from  the  skin  as  we  per- 
spire, it  serves  to  keep  us  cool. 
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Have  you  noticed  how  thirsty  you  feel  when  you 
come  in  from  skating  or  from  a  game  of  baseball?  The 
more  active  you  are,  the  more  water  you  need.  One 
way  of  telling  how  much  you  use  is  to  measure  the 
amount  given  off.  Scientists  who  have  made  many 
experiments  and  done  careful  weighing  and  measuring 
find  that  about  one  third  of  this  amount  comes  from  the 
lungs  in  breathing.  One  scientist  found  that  a  person 
lost  just  twice  as  much  water  while  singing  as  he  did 
while  resting.  While  doing  light  exercise,  such  as  walk- 
ing or  riding  a  bicycle  he  gave  off  ten  times  as  much  as 
when  at  rest! 


FIGURE  69.     One  way  of  getting  pure 
water  from  impure  water 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Visit  the  Water  Department  of  your  community 
and  make  a  report  on  how  water  is  furnished  to  the 
citizens.     Include  a  statement  of  how  it  is  purified. 

2.  One  way  of  getting  pure  water  is  to  distill  the 

impure  liquid.  When  the  dirty 
water  boils,  no  solids  are  given 
off.  They  are  left  behind. 
Figure  69  shows  a  simple  dis- 
tilling apparatus  which  you 
may  be  able  to  set  up.  The 
steam  is  condensed  to  water  by 
cooling  it.  In  this  apparatus 
the  test  tube  is  surrounded  by 
ice. 

3.  Make  a  collection  of  pic- 
tures, showing  ways  in  which 
water  is  used,  such  as  in  water 
wheels,  old  and  modern,  irri- 
gation projects,  and  shipping. 
Write  a  short  explanation  to 
go  with  each  picture. 


REVIEW  QUESTIONS 

1.  What  are  the  four  problems  of  this  unit? 

2.  What  are  some  kinds  of  places  in  which  living  things  are 
found? 

3.  Can  life  exist  without  water? 

4.  How  may  you  test  for  the  presence  of  water? 

5.  In  what  forms  is  water  dry? 

6.  How  does  evaporation  differ  from  condensation? 

7.  What  are  clouds? 

8.  Name  four  kinds  of  clouds. 

9.  When  does  dew  form? 

10.  When  does  frost  form? 

11.  Name  three  things  that  are  true  about  solutions. 

12.  What  are  some  of  the  substances  dissolved  in  sea  water!* 

13.  How  can  a  substance  be  removed  from  a  solution? 

14.  What  are  some  disadvantages  in  using  "hard  water"? 

15.  Name  two  gases  which  dissolve  in  water. 

16.  About  what  proportion  of  your  body  is  water? 

17.  How  do  animals  take  in  water? 

18.  How  do  plants  take  in  water? 

19.  Name  three  uses  of  water  in  your  own  body. 

20.  How  much  water  do  we  need? 

A  TEST  ON  APPLYING  WHAT  YOU  HAVE  LEARNED 
TO  EVERYDAY  LIFE 

Do  not  write  in  this  book 

On  a  sheet  of  paper  number  from  1  to  20.  Read  the  sentences 
and  decide  which  of  the  words  in  parentheses  make  the  state- 
ments true.  Then  write  these  words  beside  the  corresponding 
number  of  the  sentence  on  your  paper. 

1.  The  clouds  that  we  see  in  the  sky  (are)  (are  not)  a  part  of  the 
earth. 

2.  The  water  in  a  well  (could  never)  (may  once)  have  been  in 
the  ocean. 

3.  We  need  to  water  our  house  plants  because  (the  air  is  too  hot 
for  them)  (water  is  constantly  leaving  them). 

4.  Wood  burning  in  a  fireplace   sizzles   because  it  (contains 
water)  (is  green). 
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5.  (None)  (All)  of  the  following  foods  contain  water:  bananas, 
milk,  nuts,  meat. 

6.  It  (is)  (is  not)  a  good  plan  to  keep  a  dish  of  water  for  the  use  of 
our  dogs  and  cats. 

7.  Trees  have  much  water  in  them  in  summer;  after  they  are 
cut  they  have  (some)  (none). 

8.  The  moisture  that  forms  on  the  outside  of  a  glass  of  ice  water 
comes  from  (inside  the  glass)  (the  air). 

9.  The  moisture  on  the  outside  of  a  glass  of  ice  water  is  (water 
vapor)  (water  in  liquid  form). 

10.  We  (can)  (cannot)  see  real  steam. 

11.  Ice  which  is  not  melting  is  (dry)  (wet). 

12.  Clouds  are  composed  of  (water  vapor)    (droplets  of  liquid 
water). 

13.  When  water  "boils  away"  on  a  stove,  it  (can)  (can  never)  be 
liquid  water  again. 

14.  Fog  is  (a  cloud  near  the  ground)  (water  in  vapor  form). 

15.  Dew  (falls  from  the  clouds)  (forms  on  objects  near  the  ground). 

16.  Water  is  "hard"  because  (it  makes  hard  work)  (it  has  miner- 
als in  it). 

17.  Good  water  (may)  (may  not)  contain  air. 

18.  When  drinking  water  looks  milky,  it  is  because  of  (bubbles  of 
air)  (minerals)  in  it. 

19.  The  "fizz"  in  a  bottle  of  ginger  ale  is  due  to  (air)  (carbon 
dioxide) . 

20.  Dandelions  are  hard  to  kill  because  they  have  (long  taproots) 
(yellow  flowers). 

SOME  BOOKS  YOU  MAY  CARE  TO  READ 
BAER,  MARION  E.,  The  Wonders  of  Water 
BEEBE,  WILLIAM,  Half  Mile  Down. 
BEEBE,  WILLIAM.  Nonsuch,  Land  of  Water 
GAGER,  C.  STUART,  The  Plant  World 

McKAY,  HERBERT,  Easy  Experiments  in  Elementary  Science 
SCOTT,  J.  M.,  The  Polar  Regions 
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Unit  Four 

The  Changing  Earth 
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THE  CHANGING  EARTH 


MILLIONS  OF  YEARS  AGO  there  was  a  forest  of  elm 
trees,  walnuts,  maples,  and  cedars.  This  forest  now 
lies  buried  under  the  massive  rocks  shown  in  Figure  70. 
Do  you  know  how  it  came  to  be  buried? 

Among  the  wonders  of  the  Yellowstone  National 
Park  there  is  a  buried  grove  of  stone  trees.  They  were 
once  a  part  of  an  ancient  forest.  Figure  71  shows  one 
of  the  stone  logs  cut  across.  It  is  as  beautiful  as  an 
opal;  in  fact  it  is  an  opal.  Do  you  know  how  the  wood 
was  changed  into  stone? 

The  whole  story  of  the  earth  is  one  of  constant 
changes.  Some  of  these  have  to  do  with  climate,  land 
areas,  and  seas;  others  with  past  life. 


Problem  A    WHAT    ARE   ROCKS   AND   HOW 

ARE     THEY     CHANGED? 

Whether  the  place  where  you  live  is  a  flat  plain,  a 
rocky  highland,  or  rolling  hilly  land,  the  ground  is 


FIGURE  70.     There  was  once  a  forest  under  these  rocks. 

American  Forestry  Association 


American  Forestry  Association 


FIGURE  71.     This  man  is  looking  at  a  well-preserved  log  of 
opalized  spruce. 


made  up  of  rocks  in  some  form.  Do  you  suppose  that 
these  rocks  have  always  looked  as  they  do  today?  Are 
they  being  changed  at  the  present  time  ?  These  are  ques- 
tions that  will  be  answered  in  this  problem. 


Problem-Question  1    OF  WHAT  is  OUR  EARTH 

MADE? 

Picture  to  yourself  a  large  building.  The  bricks  of 
its  walls  are  man-made,  but  the  stone  steps  and  window 
borders  are  of  granite,  a  natural  rock.  The  roof  is  made 
of  slate,  another  kind  of  natural  rock.  The  grounds  are 
surrounded  by  a  wall,  built  of  several  kinds  of  stone. 
Several  beautiful  old  elm  trees  grow  on  the  grounds. 
The  trees,  the  soil  in  which  they  grow,  the  materials  of 
the  building  and  wall,  are  all  solid.  They  are  parts  of 
our  earth. 
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A  little  distance  away  is  the  harbor,  gay  in  the  sum- 
mertime with  yachts,  large  and  small.  The  harbor 
waters  are  part  of  the  great  liquid  covering  of  the  earth, 
the  oceans. 

We  cannot  see  the  ocean  of  air,  but  we  know  that  it  is 
all  around  us.  Thus  we  can  see  that  everything  on  the 
earth  is  either  a  solid,  a  liquid,  or  a  gas.  These  are 
called  the  three  states  in  which  materials  may  exist. 

The  parts  of  the  earth  that  we  can  see  are  all  a  part 
of  the  outer  crust  of  a  great  ball  that  is  eight  thousand 
miles  in  diameter.  Recently  men  have  been  able  to  go 
far  enough  up  into  the  air  actually  to  see  with  their  own 
eyes  that  the  earth's  surface  is  curved.  Study  Figure 
72.  It  is  based  upon  an  actual  photograph  taken  from 
a  balloon  fourteen  miles  above  the  Black  Hills  of  South 
Dakota.  Can  you  see  the  curve  of  the  surface? 

Layers  of  the  earth.  But  what  is  below  this  part  that 
we  can  see?  What  should  we  find  if  we  could  travel 
through  the  earth  from  one  side  to  the  other?  Scientists 
have  wondered,  and  have  performed  many  experiments 
in  an  effort  to  find  out.  They  now  believe  that  our 
planet  consists  of  a  number  of  layers  of  different  kinds  of 
material,  each  miles  thick.  Each  layer  is  lighter  than  the 
ones  inside  it.  The  outermost  layer,  the  atmosphere,  is 
made  of  gas.  Then  comes  the  water  layer,  covering 
most  of  the  surface  of  the  globe.  Next  comes  a  solid 
crust  of  rock,  perhaps  ten  to  twenty  miles  thick,  which 
in  places  sticks  up  through  the  water  as  dry  land.  Then 
there  come  thicker,  heavier  layers,  and  finally  the  cen- 
tral core.  This  part  is  made  mostly  of  metal  and  is  very 
heavy.  It  is  much  the  biggest  part  of  the  earth. 

Life  on  the  earth.  Plants  and  animals  live  at  or  near 
the  surface.  Many  birds  fly  at  a  height  of  at  least  a 
mile  and  some  go  far  higher.  Fish  and  some  other  ani- 
mals are  found  in  the  deep  sea.  So  you  see  that  life  on 
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FIGURE  73.     Before  heating 

the  earth  is  confined  to  a  depth  of  about  fifteen  miles, 
partly  air,  partly  water,  and  partly  solid  earth. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Make  lists  of  substances  which  may  be  found  on 
the  earth,  under  three  heads: 

Solids        Liquids        Gases 

FIGURE  74.     Heat  causes  the  wire  to  expand. 


2.  Start  a  collection  of  pictures  of  the  earth's  crust, 
as  seen  in  different  places. 

3.  The  outermost  atmosphere  of  the  earth  is  the  layer 
called  the  stratosphere.    Read  about  Professor  Piccard's 
balloon  ascension  into  this  layer,  the  first  ever  made. 
Scientists  today  are  finding  out  more  and  more  about 
the  stratosphere.     What  can  you  learn  about  their  dis- 
coveries? 

Problem-Question  2  HOW  ARE  EARTH  MATE- 
RIALS CHANGED  BY  HEAT- 
ING AND  COOLING? 

The  story  of  the  earth  is  a  story  of  change,  we  have 
said.  What  have  been  the  reasons  for  such  changes? 
Many  men  have  wondered,  and  sought  to  find  out. 
You,  as  young  scientists,  can  learn  the  reasons  for  some 
of  the  changes  by  trying  a  few  simple  experiments. 

You  have  learned  that  earth  materials  are  either 
solids,  liquids,  or  gases.  Let  us  see  how  each  of  these 
kinds  of  substances  is  changed  when  we  heat  it  and  then 
let  it  cool.  The  pictures  in  Figures  73  and  74  show  an 
experiment  with  a  solid  —  a  piece  of  copper  or  iron  wire. 
It  is  stretched  tightly  from  one  stand  to  another.  A  light 
weight  hangs  from  its  center.  Before  heating  the  wire, 
measure  how  far  the  weight  is  from  the  table.  After 
heating  the  wire  carefully  along  its  full  length,  do  the 
same  thing  again. 

Has  heat  caused  the  wire  to  lengthen  or  to  shorten? 

Now  allow  the  wire  to  cool. 

How  does  the  length  of  the  cool  wire  compare  with  that 
of  the  hot  wire? 

We  have  now  found  that  heating  a  wire  (a  solid) 
makes  it  longer.  It  expands,  we  say.  Do  you  suppose 
that  water,  too,  expands  when  it  is  heated? 

Figure  75  shows  a  flask  of  colored  water.     The  rub- 
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FIGURE  76.    Heating  air 


FIGURE  75.     Heating  water  in  a  flask 

her  stopper  has  a  long,  thin  piece  of  glass  tubing  through 
its  one  hole.    When  we  heat  the  flask  gently,  we  notice 

that  the  liquid  begins  to 
climb  up  the  tube.  Mark 
the  top  of  the  column  by 
putting  a  rubber  band 
around  the  tube.  Now  let 
the  flask  cool.  You  may 
hasten  the  cooling  by  pour- 
ing water  on  the  flask. 

What  happens  to  the  col- 
umn of  liquid  in  the  tube? 
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How  does  a  liquid  behave  when  heated?     When  cooled? 

Why  does  the  liquid  in  a  thermometer  rise  on  a  hot  day? 

Our  third  experiment  shows  how  a  gas  behaves.  The 
gas  is  air.  A  glass  tube  passes  through  the  one-hole 
rubber  stopper  as  shown  in  Figures  76-78.  Heat  the 
air  in  the  flask  gently  for  a  minute  or  two. 

Does  the  air  expand  when  heated?  How  do  you  know? 
When  the  flask  is  allowed  to  cool,  what  happens,  and  why? 

EXPANSION  AND  CONTRACTION 
These  experiments  show  that  a  solid,  a  liquid,  and  a 
gas  all  expand,  or  grow  larger,  when  heated.  They  all 
contract,  or  grow  smaller,  when  cooled.  You  may  think 
that  you  have  discovered  a  principle  of  science,  or  scien- 
tific law,  but  before  feeling  sure,  you  ought  to  experiment 
with  other  substances.  Scientists  have,  in  fact,  tried 
many  such  tests  and  have  come  to  the  conclusion  that 
the  results  show  the  following  principle :  heating  usually 
causes  a  material  to  expand;  cooling  causes  it  to  contract. 

SOMETHING  YOU  MAY  CARE  TO  DO 

Explain  the  reasons  for  the  conditions  shown  in  the 
photographs  on  page  96. 


FIGURE  77.    Why  does  cooling  the  air  in  the  flask 
cause  a  fountain  to  play? 

": ;" 


FIGURE  78.     After  heating  and  cooling.    Why  is 
there  less  air  in  the  flask  than  there  was  at  first? 
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Problem-Question  3     HOW 

ARE  EARTH  MATE- 
RIALS CHANGED  BY 
GREAT  HEAT  AND 
PRESSURE? 

You  know  that  materials 
expand  when  heated  gen- 
tly. What  would  be  the 
results  of  greater  heat? 

For  our  experiment  we 
may  use  a  small  lump  of 
iodine.  If  your  teacher 
heats  a  crystal  of  iodine  in 
a  large  test  tube,  a  purple 
gas  appears  near  the  top  of 
the  tube.  (See  Figure  81.) 
When  the  tube  is  cooled, 
some  of  the  gas  turns  to  liquid,  and  rolls  down  inside 
the  tube.  After  more  cooling,  tiny  crystals  of  solid 
iodine  may  be  seen  on  the  glass. 

Is  the  purple  gas  the  same  substance  as  the  black  crystal? 

In  which  form  does  the 
iodine  occupy  most  space? 

If  heat  causes  iodine  to 
form  a  gas,  would  you  ex- 
pect that  other  materials  of 
the  earth  might  become  gas- 
eous because  of  heat? 
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FIGURE  79.     Concrete  pavement  buckling 


FIGURE  80.     Teakettle  running  over 
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TEMPERATURE  OF  THE 
EARTH 

A  well-known  fact  about 
the  earth  is  that  the  temper- 
ature increases  below  the 
surface.  If  you  go  down  in 


FIGURE  81.     What  are  the  three  "states"  in  which  iodine  may  exist? 


a  mine,  you  will  find  that  the  temperature  rises  one  degree 
Fahrenheit  with  each  fifty  or  sixty  feet  of  depth.  At 
this  rate  of  increase  the  material  of  the  earth  would  be 
red-hot  at  a  depth  of  ten  miles  or  more.  At  a  depth  of 
a  hundred  miles  the  heat  would  be  enough  to  melt  all 
the  things  that  are  thought  to  compose  the  earth's 
substance.  This  fact  once  made  scientists  think  that 
our  globe  is  really  a  mass  of  molten  matter,  covered 
with  a  cool  crust  a  few  miles  thick.  The  existence  of 
volcanoes  seemed  to  be  a  proof  of  this  theory.  But,  like 
many  other  theories  of  science,  it  has  been  discarded,  as 
new  experiments  have  been  made  and  new  facts  learned. 
Scientists  now  believe  that  the  earth  is  solid  all  the  way 
through,  and  even  more  firm  than  solid  steel.  How  can 
this  be,  if  the  material  is  so  tremendously  hot?  The 
answer  lies  in  one  word  —  pressure. 

Experiments  have  shown  that  when  samples  of  rock 
are  heated  to  the  melting  point,  and  then  squeezed  very 
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hard,  they  turn  to  solids 
again.  -A  scientist  would 
say  they  had  been  put  un- 
der heavy  pressure.  Think 
how  enormous  the  pressure 
must  be  within  the  earth. 
For  example,  a  cubic  foot 
of  soil,  a  part  of  the  outer- 
most crust,  presses  down 
with  its  own  weight,  per- 
haps fifty  pounds.  The 
cubic  foot  below  it  weighs 
an  equal  amount,  and 
therefore  presses  down 

with  its  own  weight  and  the  weight  of  the  cubic  foot 
above  it.  This  continual  increase  of  pressure  goes 
on.  Not  many  yards  below  the  surface,  the  pres- 
sure on  each  square  foot  is  a  matter  of  tons.  At  a 
depth  of  a  hundred  miles,  it  amounts  to  thousands 
of  tons.  Imagine  how  such  tremendous  pressure  must 
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FIGURE  82.     This  lava,  now  solid,  was  once 
molten. 


FIGURE  83.     White-hot  liquid  steel  can  turn  to  firm  solid  steel. 


Blackington 


affect  the  materials  that  compose  the  earth!     How  they 
must  be  squeezed  and  crowded  together! 

In  how  many  ways  have  you  learned  that  rocks  may 
be  changed? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Paraffin  wax  is  a  material  made  from  petroleum, 
which  comes  from  the  earth.     A  simple  experiment  will 
show  that  it  can  change  from  the  solid  state  to  a  liquid 
and  then  to  a  gas.     Heat  a  bar  of  paraffin  in  a  small 
stewpan  over  the  stove.     How  soon  does  it  change  to 
liquid?    While  heating  the  liquid,  hold  a  cold  glass  over 
it,  being  sure  that  it  does  not  touch  the  pan.     After  a 
few  minutes  let  the  glass  cool  again.     Do  you  find  a 
smear  of  solid  paraffin  on  it?     How  could  it  have  got 
there? 

2.  Show  how  pressure  will  squeeze  ice  together.   Wipe 
dry  two  ice  cubes,  then  press  them  together  as  hard  as 
you  can.     See  if  you  can  make  them  stick  together. 


Problem  B    WHAT  ARE  SOME  OF  THE  ROCKS 
OF  THE   EARTH'S   CRUST? 

You  probably  have  a  vivid  picture  in  your  mind 
when  you  hear  the  word  rock  even  though  you  may  live 
where  outcrops  of  solid  rock  are  hardly  ever  seen.  You 
probably  do  not  think  of  the  prairies,  with  their  wide 
stretches  of  farm  land,  as  rock,  but  scientists  do.  They 
say  that  sand  so  loose  that  wind  can  lift  it  is  a  kind  of 
rock.  Soil,  which  turns  so  easily  under  a  plow,  is 
rock,  too.  Gravel,  granite,  marble,  chalk,  mud  —  these 
are  just  a  few  of  the  many  kinds  of  rock.  There  are  also 
many  kinds  of  solid  rocks. 

Since  rocks  include  so  many  different  kinds,  it  is 
helpful  to  divide  them  into  three  groups  or  classes.  The 

99 


Ewing  Galloway 

FIGURE  84.    Palisades  of  the  Hudson.    These 
rocks  were  once  molten.  They  are  igneous  rocks. 

FIGURE  85.     This  explosion  hurled  a  cubic  mile 
of  ash  into  the  air. 
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three  problem-questions 
that  follow  will  give  you 
some  idea  about  these 
groups. 


Problem-Question  1  WHAT 

DO  WE  MEAN  BY  IG- 
NEOUS ROCKS? 

Not  far  from  the  crowded 
cities  of  the  eastern  coast 
there  are  many  low,  wooded 
hills.  Some  of  the  rocks  of 
which  they  are  made  show 
the  effects  of  tremendous 
heat.  Sometime,  millions 
of  years  ago,  these  rocks 
must  have  been  so  hot  that 
they  were  molten. 

Molten  rocks.  Such 
rocks  are  called  igneous 
rocks.  Sometimes  they  are 
formed  in  the  following 
way:  Molten  rock  welled 
up  through  a  weak  place  in 
the  earth's  crust  and 
poured  out  upon  the  land. 
Everything  living  in  its 
path  must  have  been 
burned  while  the  flowing 
material  spread  out  in  a 
red-hot  sheet.  In  time  the 
sheet  cooled,  forming  solid 
rock.  Later,  some  of  these 
rocks  were  lifted  by  move- 
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FIGURE  86.  Obsidian  is  an  igneous  rock 
that  looks  like  a  piece  of  colored  glass.  It 
may  be  black,  dark  brown,  or  green,  or  red, 
yellow,  or  blue,  but  it  is  always  glasslike. 


merits  of  the  earth's  crust  to 
form  hills  and  mountains. 

You  may  wonder  how 
rock  comes  to  be  molten. 
If  so,  just  recall  that  it  is 
very  hot  and  under  great 
pressure  within  the  earth. 
When  materials  of  the 
earth's  crust  change  posi- 
tion or  shift  about,  as  they 
do  from  time  to  time,  pres- 
sure is  released  here  and 
there,  and  the  very  hot 
rocks  may  turn  to  liquid 
form.  They  may  flow  out  or  erupt  from  volcanoes  upon 
the  surface  or  between  other  layers  of  rock  beneath  the 
surface.  The  melted  rocks  are  sometimes  called  lavas. 

Volcanoes.  Molten  rock  is  liquid;  when  it  hardens  it 
is  a  solid.  Often  dissolved  in  the  molten  rock  are  sev- 
eral gases,  somewhat  as  carbon-dioxide  gas  is  dissolved 
in  ginger  ale.  (See  page  79.)  The  commonest  kind 
of  gas  in  lava  is  steam,  but  some  deadly  gases  may 
be  present  and  spread  destruction  far  and  wide.  If 
the  gas  can  escape  easily,  the  eruption  may  be  a  quiet 
one,  but  if  the  lava  is  stiff,  so  that  the  gas  cannot 

FIGURE  87.     Making  an  imitation  volcano 


push  its  way  through  readily,  explosions  take  place. 
Volcanic  action  makes  various  kinds  of  rocks.  Some 
are  gray  or  black;  others  are  pink,  red,  or  brown.  Many 
contain  crystals.  Some  lava  never  reaches  the  surface, 
but  cools  and  forms  rock  deep  underground.  In  sum- 
ming up,  remember  that  all  rocks  which  have  hardened 
from  hot  molten  matter  are  igneous  rocks. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  An  imitation  of  a  volcanic  eruption  may  be  pro- 
duced by  filling  a  low  dish  with  the  chemical  called 
ammonium  dichromate.     Next  drop  a  lighted  match 
into  the  center.     As  the  material  burns,  a  porous  sub- 
stance forms  which  takes  up    more  room  than  the 
unburned  material.     Gas  is  released,  pushing  the  sub- 
stance up  and  forming  a  cone,  like  that  of  a  volcano. 
(See  Figure  87.) 

2.  You  may  be  interested  to  make  your  own  collec- 

FIGURE  88.     Inner  gorge  of  the  Grand  Canyon,  Arizona.     It  has  taken  many  thousands 
of  years  for  the  river  to  cut  this  deep  gorge. 
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tion  of  igneous  rocks.  If  not,  you  can  probably  examine 
a  collection  in  the  school  museum  or  in  some  other 
museum  of  your  community. 


Problem-QuestionS  WHAT  ARE  SEDIMENTARY 
ROCKS? 

If  you  visit  the  Grand  Canyon  of  the  Colorado  River, 
in  Arizona,  you  will  see  that  the  rocky  walls  are  layers 
of  many  different  kinds  of  rocks ;  some  of  them  are  bril- 
liant reds  and  green,  others  white  or  blue.  In  places 
the  rock  juts  out  in  slender  towers.  Elsewhere  it 
lies  in  wide  platforms  of  flat  rock,  part-way  down  the 
canyon  sides.  At  the  bottom  of  the  canyon  is  a  steep, 
rough  gorge  of  rock  quite  different  from  that  in  the 
sides.  At  the  bottom  of  this  gorge  is  the  river.  It  is  a 
roaring,  rushing  stream,  carrying  stones,  mud,  and 
sand.  These  are  the  tools  with  which  the  canyon  has 
been  cut  out  of  solid  rock. 

Shale.  Some  of  the  rock  layers  are  made  of  very 
fine  material.  The  places  in  Figure  88  marked  H 
are  composed  of  a  smooth,  fine-grained  rock  called 
shale.  Shale,  which  is  a  very  common  rock  in  many 
places,  is  hardened  mud  or  clay.  Most  shales  are  dark- 
colored —  gray  or  black  or  bluish;  but  some  are  red. 
That  shown  in  Figure  88  was  once  fine  mud  on  the  sea 
bottom.  Movements  of  the  earth  lifted  it  and  tilted  it. 

Sandstone.  The  places  marked  T,  K ,  and  C  in  Fig- 
ure 88  show  layers  of  rock  made  of  larger  grains  than 
the  shale.  They  look  like  grains  of  sand,  and  that  is 
what  they  are  —  sand  cemented  into  solid  rock.  You 
do  not  need  to  go  to  the  Grand  Canyon  to  find  sand- 
stone ;  it  is  one  of  the  most  common  kinds  of  rock.  Most 
of  the  sand  in  sandstone  is  made  of  bits  of  quartz  which 
came  from  broken  and  worn  igneous  rock,  like  granite. 
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FIGURE  89.     Layers  of  sandstone 


Many  sandstones  are  pink,  red,  brown,  or  yellow  be- 
cause there  is  iron  in  the  cement  which  holds  the  bits  of 
sand  together. 

Limestone.  One  of  the  common  kinds  of  rock  is 
known  as  limestone.  In  the  picture  of  the  Grand  Can- 
yon, the  places  marked  B,  M,  and  R  are  of  this  sub- 
stance. Limestone  has  been  formed  from  the  shells  of 
sea  animals  cemented  together  with  lime  from  the 
sea  water.  Layers  of  such  material  gradually  become 
hardened  into  solid  rock.  Some  of  them  have  been 
lifted  above  the  sea  by  earth  movements,  and  now  are 
a  part  of  the  land.  Limestone  is  also  formed  in  many 
parts  of  our  country. 

Conglomerate.  Some  rocks  look  as  if  they  were  made 
of  many  pebbles,  large  and  small,  cemented  into  a  solid 
mass.  They  remind  us  of  raisins  or  plums  in  a  pud- 
ding. In  fact,  such  rocks  are  sometimes  called  pudding- 

104 


stone.  Another  name  for  them  is  conglomerate,  because 
they  are  a  conglomeration,  or  mixture,  of  different  kinds 
of  rocks  and  minerals. 

Sedimentary  rocks.  Shales,  sandstones,  limestones,  and 
conglomerates  all  belong  to  a  large  group  of  rocks  called 
sedimentary  rocks.  Perhaps  the  most  striking  thing 
about  them  is  that  they  all  lie  in  layers.  A  sediment 
is  something  that  settles,  in  water  or  in  air.  Most  sedi- 
mentary rocks  were  formed  under  water,  but  some  were 
formed  by  layers  of  dust  which  settled  out  of  the  air. 

Most  sediments,  when  they  settled,  were  at  first  loose 
layers  of  sand  and  mud  and  shells.  Now  they  are  solid 
rock.  What  changed  them?  One  cause  of  then*  hard- 
ening is  pressure.  Scientists  have  reckoned  that  the 
pressure  on  a  square /oo/  of  rock  a  mile  below  the  surface 
is  nearly  eighty-five  thousand  tons!  No  wonder  that 
under  such  weight  the  mud  is  squeezed  into  solid  shale 
and  the  sand  into  sandstone! 

The  particles  of  most  sedimentary  rocks  are  also  held 
together  by  a  kind  of  cement  which  comes  from  sub- 
stances dissolved  in  water  that  has  seeped  through  the 
earth's  crust.  Two  common  cements  are  lime,  and  cer- 
tain things  that  contain  iron. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Have  ready  a  glass  jar  of  water.  In  another  dish 
mix  sand,  pebbles,  small  shells,  and  fine  clay  or  dust. 

FIGURE  90.     Coral,  which  makes  up  a  large 

part  of  some  limestones  FIGURE  91.     Conglomerate 

C^cirsow,  Bfovoort 


Pour  the  mixture  into  the  water,  and  let  it  settle.    Does 
it  settle  in  layers? 

2.  Make  or  study  a  collection  of  sedimentary  rocks. 

3.  Good  soil  usually  contains  lime  which  has  come 
from  crumbled  limestone.     An  easy  test  is  to  dig  about 
four  inches  down  into  the  soil  and  get  a  tablespoonful  of 
this  below-the-surface  material.     Place  it  in  a  glass  of 
water,  and  add  a  teaspoonful  of  muriatic  (hydrochloric) 
acid,  which  you  can  get  from  a  drugstore.     If  the  mix- 
ture bubbles,  the  soil  contains  lime.     If  it  does  not 
bubble,  it  needs  lime  in  order  to  produce  good  crops. 

4.  Show  that  sandstone  is  porous.      Weigh  a  dry 
piece,  then  let  it  soak  in  water  overnight.     Weigh  it 
again  after  you  have  wiped  off  any  loose  water  on  the 
surface.     Does  it  weigh  more?    Why? 


Problem-QuestionS  WHAT  DO  WE   MEAN  BY 

METAMORPHIC     ROCKS? 

Look  at  a  lump  of  ordinary  hard  coal.  What  re- 
semblance does  it  have  to  the  tropical  growths  along  the 
Amazon  River?  None  whatever.  Yet  scientists  say 
that  it  is  made  of  the  remains  of  a  tropical  forest  similar 
to  this  one. 

Coal.  Try  to  picture  the  changes  that  this  piece  of 
coal  has  gone  through.  Imagine  a  huge  forest,  damp 
and  gloomy.  Tree  ferns  fifty  or  sixty  feet  tall  grew  in 
the  mucky,  wet  soil.  A  thick  undergrowth  of  smaller 
plants  grew  in  the  shade  of  the  trees.  As  the  plants 
died,  they  fell  and  lay  on  the  boggy  bottom.  Flood 
waters  covered  them.  More  plants  fell,  and  more  and 
more,  until  there  was  a  thick  layer  of  partly  decayed 
plant  material.  This  was  peat,  a  blackish-brown  mass 
which  can  be  burned.  This  peat  decayed  still  more  and 
slowly  hardened  into  coal.  That  coal,  however,  was 
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FIGURE  92.  When  limestone  is  changed 
and  hardened,  it  becomes  marble.  Often 
crumpled  bands  of  dark  minerals  may  be 
seen  in  it. 


not  like  ordinary  hard  coal. 
It  was  what  we  call  soft 
coal.  Before  it  could  be- 
come like  the  shiny  black 
rock  that  we  burn,  it  had 
to  go  through  many  more 
changes. 

Metamorphic  rocks.  Im- 
agine the  beds  of  coal  buried 
under  layer  after  layer  of 
sedimentary  rocks,  until 
they  were  squeezed  harder 
and  harder.  Then  imagine 
that  all  the  rocks  in  that 
region  were  bent  and  crumpled.  Finally,  after  millions 
of  years,  the  beds  of  coal,  now  near  the  surface  of  the 
earth,  were  found  and  mined.  Soft  coal  that  has  been 
put  under  great  pressure  becomes  hard  coal,  or  anthracite. 

Anthracite  coal  is  a  rock  that  has  been  changed  by 
heat  and  great  pressure.  This  is  one  kind  of  rock  that 
tells  a  story  of  tremendous  changes.  Such  rocks  are 
called  metamorphic.  Some  of  them  were  igneous  to 
*begin  with,  and  others,  like  coal,  were  sedimentary. 
If  you  look  at  your  blackboard  you  may  find  a  material 
called  slate,  a  metamorphic  rock  that  comes  from  shale. 
Similarly,  marble  comes  from  limestone  that  has  been 
put  under  pressure. 

What  three  classes  of  rocks  have  you  studied?   What 
are  some  examples  of  each? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Make  or  study  a  collection  of  metamorphic  rocks. 

2.  Make  a  collection  of  different  kinds  of  coal,  label- 
ing each  carefully,  and  stating  how  they  differ. 

3.  Limestone  and  marble  may  be  told  from  other 
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kinds  of  rock  by  dropping  acid  on  them.  If  you  use 
any  kind  of  acid  (vinegar,  lemon  juice,  or  hydrochloric 
acid),  bubbles  of  carbon  dioxide  are  given  off. 


Problem  C    WHAT  ARE  OTHER  WAYS  IN  WHICH 

THE  EARTH  HAS  BEEN  CHANGED? 

Having  learned  about  the  changing  materials  of  our 
earth,  let  us  now  turn  our  attention  to  other  changes, 
both  past  and  present.  Some  of  these  have  to  do  with 
living  things,  and  others  with  the  soil,  and  with  climate. 


Problem-Question  1    WHAT     DO    FOSSILS    TEACH 

US  ABOUT  CHANGES  IN  OUR 
EARTH? 

The  famous  petrified  forest  of  Colorado  has  a  story  to 
tell  of  changes  in  the  level  of  the  land  and  in  living 
things.  The  region  where  the  petrified  stumps  are 
found  is  now  thousands  of  feet  above  sea  level,  and 
mountainous.  But  in  the  days  when  the  trees  were 
alive,  the  region  was  a  warm  lowland.  Near  a  lake  of 
fresh  water  grew  a  forest  of  giant  sequoia  trees,  similar 
to  those  now  found  in  California.  There  must  have 
been  volcanoes,  not  far  away,  that  burst  into  great 
activity  and  sent  quantities  of  volcanic  dust  into  the 
air.  This  dust  settled,  filling  the  lake  and  causing  it  to 
overflow  and  surround  some  of  the  huge  trees.  The 
dust  dissolved  in  the  water  and  penetrated  the  wood,  so 
that,  although  the  tops  of  the  trees  decayed,  the  stumps 
turned  to  stone. 

Fossil  shells.  Have  you  ever  seen  a  piece  of  rock 
similar  to  the  one  shown  in  Figure  93?  It  was  found 
high  up  in  the  Black  Hills  of  North  Dakota,  far  away 
from  any  sea.  The  story  that  this  rock  tells  is  told 

108 


Black  Star 

FIGURE  93.     How  did  this  starfish  turn 
to  stone? 


by  many  others  that  con- 
tain fossils.  Do  you  know 
what  we  mean  by  fossils? 
They  are  remains  or  traces 
of  plants  and  animals  that 
lived  in  past  ages,  buried 
and  preserved  in  rocks. 

Millions  of  years  ago 
some  little  sea  animals  lived 
on  the  bottom  of  a  shallow 
sea.  Mud  was  carried  in 
by  the  waves  and  buried 

them  there.  Layers  and  more  layers  of  mud  and  sand 
formed,  and  finally,  after  a  long  period  of  time,  these 
layers  hardened  into  solid  rock.  At  last  movements  of 
the  earth  lifted  the  rock  containing  the  animal  remains 
to  a  level  high  above  that  of  the  sea.  A  piece  of  that 
rock  is  shown  in  Figure  93. 

In  many  of  the  layers  of  sandstone,  shale,  and  lime- 
stone in  the  Grand  Canyon,  fossils  may  be  found.  At 
the  very  top  is  a  layer  six  hundred  feet  thick  that  is  full 
of  fossil  seashells,  although  it  is  now  a  mile  or  more 
above  sea  level.  By  reading  the  story  told  by  fossils, 
scientists  learned  that  three  times  the  ocean  has  covered 
the  region  now  occupied  by  the  Grand  Canyon.  In  its 
ups  and  downs,  this  part  of  the  country  has  been  fifteen 
thousand  feet  above  sea  level,  and  again  as  far  below. 
Each  time  it  was  beneath  the  sea,  many  layers  of  rock 
were  laid  down.  Each  time  it  was  above  the  sea,  the 
surface  was  leveled  off  and  worn  down  by  running 
water,  by  wind,  and  by  rain. 

How  fossils  are  formed.  You  have  now  learned  two 
ways  in  which  living  things  were  turned  to  stone.  The 
trees  of  the  petrified  forest  were  buried  by  volcanic  ash. 
The  sea  animals  in  the  mud  were  covered  by  more  and 
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American  Museum  of  Natural  History 

FIGURE  94.     These  fossil  eggs  of  dinosaurs  lay 
buried  in  sand  for  thousands  of  years. 


more  mud.  There  are 
other  ways,  too.  Many 
animals  such  as  elephants, 
tigers,  wolves,  and  giant 
sloths  were  buried  in  tar; 
the  fossil  bones  of  all  these 
have  been  found  in  tar  pits. 
There  is  still  another 
way  in  which  living  things 
may  be  buried,  and  turn 
to  rock.  They  may  be 
covered  by  drifting  sand. 
That  is  how  the  dinosaur 
eggs  found  in  the  deserts 
of  Mongolia  were  pre- 
served. (See  Figure  94.) 

Most  dinosaurs  were  huge  animals.  Some  of  them, 
at  least,  were  hatched  from  eggs,  as  turtles  are.  Scien- 
tists have  learned  this  by  studying  fossils. 

From  this  story,  and  fro'm  similar  stories  to  be  read  in 
other  rocks,  we  can  draw  but  one  conclusion.  This 
earth  of  ours  is  very,  very  old,  and  has  gone  through 
many,  many  changes. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  You  may  make  an  impression  of  a  fossil  in  the 
following  way:  Press  a  shell  or  a  piece  of  fern  be- 
tween two  layers  of  clay 
or  plasticene.     When  you 
separate    the    layers,    the 
shell  or  fern  lies  on  one, 
and  the  mark  it  made  on 
the  other  shows  its  shape. 
(See  Figure  95.) 
2.  Examine  a  fossil  (or 


FIGURE  95.     Artificial  fossil 


a  picture  of  one),  and  write 
a  story  which  tells  how  it 
could  have  been  preserved. 


Problem-Question  2     HOW 

DO   WEATHER   AND 
WIND   CHANGE  THE 

EARTH'S    SURFACE? 

You  learned  in  the  last 
lesson  that  the  surface  of 
the  earth  has  been  raised 
and  lowered  in  various 
places.  One  important 
thing  to  remember  is  that 
even  while  land  is  being 
raised,  it  is  also  being  worn 
down.  The  "  Devil's  Post 
Pile,"  shown  in  Figure  96, 
is  a  great  mass  of  lava  in 

the  Sierra  National  Forest  of  California.  It  was  once 
in  the  neck  of  a  volcano.  Ages  ago  the  molten  lava 
hardened  to  rock,  forming  itself  into  shapes  like 
huge  posts.  Now  many  of  the  posts  lie  broken  and 
scattered,  as  you  see.  What  happened  to  make  the 
rock  crumble  in  this  way? 

Weathering.  You  need  not  go  to  California  to  see 
effects  of  this  same  kind.  If  you  can  find  a  cliff  in  your 
neighborhood,  it  will  probably  have  a  mass  of  loose 
stones  piled  against  its  foot.  You  may  find  little 
patches  of  soil  among  the  stones,  and  perhaps  grass  or 
weeds  are  growing  there.  If  you  compare  the  loose 
stones  with  those  of  the  cliff,  you  will  find  that  many  of 
them  are  the  same.  The  solid  rocks  have  become 
broken  up  and  have  fallen  down  because  of  weathering. 
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FIGURE  96.  The  broken  pieces  of  lava  in 
the  foreground  came  from  the  Devil's  Post 
Pile.  What  broke  them  off? 


Rocky  Mountain  Parks  Transportation  Co. 

FIGURE  97.     Rocks  weathered  by 
wind 


This  word  weathering 
means  the  wearing  away 
of  rock  by  such  things  as 
the  wind,  air,  heat  and  cold, 
and  the  effects  caused  by 
water. 

When  rock  weathers,  for 
example,  the  surface  is  grad- 
ually broken.  Water  gets 
into  tiny  cracks  and  freezes. 
Changes  of  temperature 
cause  the  rock  to  expand 
and  contract.  Oxygen, 
carbon  dioxide,  and  water 
also  attack  rocks.  Water, 
for  example,  may  dissolve 
the  elements  that  hold  rocks 
together.  The  loose  ma- 
terial which  results  from 

weathering  is  still  rock.  It  is  a  solid ;  that  is,  it  is  neither 
gas  nor  liquid.  Much  of  it  becomes  a  part  of  the  soil 
in  time. 

You  may  not  think  of  wind  as  a  force  which  wears 
away  the  land.  But  have  you  ever  seen  a  stone  build- 
ing being  cleaned  by  a  blast  of  sand?  The  surface, 
which  was  black  and  discolored,  is  worn  off  by  the  sand 
blast,  and  comes  out  bright  and  clean.  In  a  similar 
way  sand  blown  by  the  wind  wears  away  rocks.  Have 
you  ever  seen  such  curious  formations  as  those  shown 
in  Figure  97?  They  have  been  formed  by  sand,  blown 
by  wind.  Soft  rock  has  been  cut  away  faster  than  have 
the  harder  materials. 

The  soil,  sand,  and  dust  caught  up  by  the  wind  may 
blow  hundreds  of  miles  before  dropping  to  the  ground. 
Or  it  may  move  only  a  short  distance.  Sand  dunes 
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along  the  shore  of  seas  and  lakes  may  change  their  loca- 
tion from  year  to  year.  The  wind  is  responsible  for 
such  a  change.  But  it  does  not  pick  up  a  whole  sand 
dune  and  set  it  down  somewhere  else.  No,  it  moves  the 
dune  one  grain  at  a  time.  The  sand  grains  blow  up  one 
side  of  the  dune,  and  drop  on  the  other  side.  Winds 
that  blow  from  the  same  direction  day  after  day  can 
cause  a  dune  to  change  its  location  in  a  fairly  short 
time. 

We  may  conclude  that  changes  are  still  going  on,  as 
they  have  for  thousands  and  millions  of  years,  and  that 
wind  and  weather  have  been  in  the  past  and  still  are 
two  of  the  important  causes  of  these  changes. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  This  experiment  may  show  you  one  of  the  reasons 
why  rock  crumbles.      Hold  small  pieces  of  different 
kinds  of  rocks,  by  means  of  tongs,  in  the  hot  flame  of  a 
gas  burner.     Then  plunge  them  quickly  into  water. 
Do  any  of  them  crack  and  break? 

2.  Show  how  wind  can  move  sand  dunes.     Build  a 


FIGURE  98.     This  farm  is  being  ruined  by  wind, 
what  is  happening? 

Soil  Conservation  Service 


Can  you  explain 


landscape  in  a  large  tray,  using  sand,  small  branches  of 
evergreen  to  represent  trees,  and  a  toy  house  or  two. 
Place  an  electric  fan  at  one  end  of  the  tray  and  turn  on 
the  current.  Watch  the  action  of  the  sand. 

Problem-QuestionS    HOW  DOES   WATER   CHANGE 

THE     EARTH? 

You  know  that  much  water  may  fall  in  a  single  heavy 
rain.  In  some  places  there  is  very  little  rainfall  in  a 
year,  but  in  other  places  as  much  as  a  foot  may  fall  in  a 
day. 

What  becomes  of  rain  water?  To  answer  the  ques- 
tion, you  need  only  watch  a  field  or  the  roadside  after  a 
rain.  Three  things  happen.  Part  of  the  water  evapo- 
rates into  the  air.  You  know  how  soon  sidewalks  be- 
come dry.  Some  water  sinks  into  the  ground.  There 
it  dissolves  minerals  and  so  is  able  to  furnish  food  to 
plants.  Or  it  seeps  through  crevices  and  pores  far 
down  into  the  solid  rock.  The  rest  of  the  water  runs  off 
across  the  surface,  gathering  into  streams  that  flow 
downward  until  they  enter  lakes  or  rivers  or  the  sea. 

You  may  show  that  water  dissolves  limestone  by 
stirring  some  powdered  chalk  (one  form  of  limestone) 
in  it  for  several  minutes.  Filter  the  liquid.  (See 

page  72.)  If  the  chalk 
has  dissolved,  the  water 
that  comes  through  the 
filter  paper  will  be  "hard." 
It  will  not  form  good  suds 
when  soap  is  added.  Com- 
pare it  in  this  respect  with 
ordinary  water. 

How  does  this  experiment 
show  one  way  in  which  water 
changes  the  earth? 


FIGURE  99.     Rain  has  created  this  beauty  in 
Bryce  Canyon.     Do  you  know  how? 
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ing  Galloway 


FIGURE  100.     Louisville,  Kentucky,  during  a  flood 


HOW  WATER  WORKS 

Sometimes  men  make  water  do  work  for  them,  but 
more  often  it  does  its  own  kind  of  work,  changing 
streams,  hills,  prairies,  and  valleys.  It  wears  rocks  in 
the  beds  of  the  streams,  loosens  them  from  the  banks, 
and  uses  them  as  its  tools.  Even  clear,  gently  flowing 
streams  carry  tiny  particles  of  sand.  Swift  streams 
move  stones,  and  even  huge  boulders. 

Figure  100  shows  the  effect  of  a  river  in  flood.  At 
such  a  time  a  river's  work  is  destructive  and  harmful 
to  man.  Dams  and  bridges  may  be  washed  away,  and 
whole  communities  destroyed. 

The  course  of  a  stream.  Water  starts  to  work  even 
before  it  gathers  into  streams.  On  a  flat,  smooth  sur- 
face it  picks  up  small  particles  and  moves  them  along. 
Where  there  are  weak  places,  such  as  cracks  in  clay  soil, 
the  water  may  start  a  gully.  Farmers  know  all  too  well 
how  fast  gullies  can  grow  and  destroy  their  fields. 
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Suppose  we  follow  a  stream  from  its  source,  on  a  high 
plain.  Where  it  begins  its  journey,  the  slope  may  be 
steep  and  the  speed  of  the  water  great.  The  stream  is 
soon  joined  by  others  to  form  a  creek,  and  finally  a 
river.  As  the  river  flows  on  its  way,  it  moves  more 
slowly.  Here  the  valley  is  wider  and  sloping.  Because 
the  current  is  lessened,  it  cannot  carry  heavy  pieces  of 
material.  Wherever  the  river  makes  a  bend,  it  hurls  its 
load  of  sand  and  clay  against  the  outer  bank.  The 
result  is  that  at  such  a  point  the  bank  is  cut  away,  while 
on  the  opposite  side  of  the  river  some  sand  and  clay  is 
deposited. 

The  lower  part  of  our  river  course  may  wind  its  way 
through  a  nearly  level  plain.  Here  the  current  is  slow, 
because  the  water  has  nearly  reached  the  level  of  the 
sea  or  the  lake  into  which  it  empties.  The  sediments 
settle,  forming  an  alluvial  plain. 

Some  of  the  rock  fragments  carried  by  streams  are 
finally  deposited  along  the  courses  of  broad  rivers. 
Other  materials  are  carried  on  into  the  sea.  Both  of 
these  things  are  important  to  us,  as  you  will  learn  in 
later  studies.  For  the  moment,  it  is  enough  to  see  that 
running  water  changes  the  surface  of  the  earth. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  any  rain  you  may  watch  how  the  water 
wears  away  the  land  and  builds  it  up  in  other  places.    If 
possible,  make  a  sketch  to  show  the  change  in  one  small 
place. 

2.  Find  out  what  regions  of  the  United  States  were 
once  deserts  and  are  now  fruitful.    How  has  this  change 
been  brought  about? 
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Problem-Question  4    HOW  DOES  ICE  CHANGE  THE 

EARTH? 

Every  year,  if  you  live  where  winters  are  cold,  you 
may  see  changes  brought  about  by  the  action  of  ice. 
For  example,  nearly  every  spring  the  roads  must  be 
repaired.  Why  does  the  winter's  ice  and  snow  cause 
such  an  effect?  An  experiment  may  help  you  to 
understand. 

If  your  teacher  carefully  heats  a  small  test  tube,  he 
can  draw  it  out  so  that  there  is  a  narrow  part  near  the 
middle.  If  he  then  puts  some  water  in  the  bottom  of 
the  tube  (up  to  the  middle)  and  places  the  tube  in 
cracked  ice  and  salt  (or  cracked  ice  and  alcohol),  it  will 
not  be  long  before  you  hear  the  snap  of  breaking  glass. 

This  experiment  shows  the  action  of  ice  on  glass,  but 
will  ice  cause  solid  rock  to  break?  If  a  piece  of  sand- 
stone is  soaked  in  water  overnight  and  then  frozen, 
what  happens  to  the  water  in  the  pores  of  the  rock? 
After  a  while  you  might  rub  the  rock  to  see  if  any  little 
pieces  crack  off. 

GLACIERS 

Freezing  and  thawing  tend  to  break  up  rocks  to  pro- 
duce materials  that  go 
into  soils.  But  ice  has 
had  another  effect  upon 
the  soils  of  North  America, 
as  you  shall  see.  In  any 
region  where  more  snow 
falls  in  winter  than  can 
melt  away  the  next  sum- 
mer, there  are  glaciers.  A 
glacier  is  simply  snow  of 
many  years,  hardened  into 
ice.  In  mountainous  re- 


FIGURE  101.     Why  does  the  glass  break? 


U.S.  Coast  Guarc 

FIGURE  102.     Do  you  know  how  chese  icebergs  were  formed? 

gions  the  snow  gathers  in  deep  valleys,  forming  moun- 
tain glaciers,  like  the  one  shown  in  Figure  103.  They 
are  sometimes  called  "rivers  of  ice,"  and  like  rivers, 
they  move  down  the  valleys.  Their  motion,  however, 
is  slow,  being  usually  not  more  than  one  or  two  feet  a 
day. 

Glaciers  and  icebergs.  Sometimes  a  glacier  reaches 
the  sea,  where  its  edge  may  break  off,  forming  icebergs. 
In  certain  cases,  the  glacier  pushes  forward  into  the 
water  for  quite  a  distance  before  the  end  breaks  and 
rises  to  the  surface.  Icebergs  formed  in  this  way  may 
be  enormous.  When  ice  floats,  most  of  its  bulk  is  below 
the  water  surface.  An  iceberg  which  towers  ninety  feet 
above  the  water  may  reach  nine  hundred  feet  down. 
Any  ship  that  collides  with  such  an  iceberg  is  damaged 
as  much  as  if  it  had  run  head  on  into  an  island  of  solid 
rock. 

Glaciers  and  soils.  In  spite  of  its  slow  motion,  a 
glacier  wears  away  great  quantities  of  rock.  Rock  frag- 
ments carried  by  the  glacier  are  ground  against  the 
rocks  over  which  the  ice  travels.  As  the  glacier  moves, 
its  collection  of  rock  fragments  acts  like  a  huge  file  or 
rasp.  The  bedrock  is  scraped  away,  and  the  broken 
pieces  are  added  to  the  material  carried  by  the  glacier. 
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When  the  ice  of  a  glacier 
melts,  any  material  that  it 
carries  is  dropped.  It  con- 
sists of  small  sand  grains, 
clay,  pebbles,  stones,  and 
boulders.  These  things 
are  not  sorted  out  as  they 
would  have  been  by  water. 
(See  Figure  103.) 

Large  areas  of  our  corn 
and  wheat  belts  were  cov- 
ered by  such  glacial  de- 
posits many  years  ago. 
Here  the  things  left  by 
the  ice  were  usually  smaller 
materials,  such  as  clays  mixed  with  some  sand  and 
gravel.  In  time  the  decay  of  plants  growing  on  these 
thick  glacial  deposits  led  to  the  development  of  a  very 
fertile  soil.  Glaciers  have  also  left  large  deposits  in 
other  parts  of  our  North,  some  of  which  are  now  the 
location  of  prosperous  farms. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Float  an  ice  cube  in  a  glass  of  water.     Estimate 
what  part  of  it  extends  above  the  water  surface. 

2.  Make  a  list  of  the  changes  caused  by  ice  that  you 
yourself  have  seen. 


U.S.  Geological  Survey 

FIGURE  103.  Notice  the  river  of  ice  water  that 
flows  from  the  melting  glacier  and  the  rock  frag- 
ments carried  by  the  ice. 


Problem-Question  5    HOW       DO       ROCKS       SHOW 

THAT       THE       EARTH'S       CLI- 
MATE    HAS     CHANGED? 

The  ancient  coal  deposits  were  formed  in  warm 
swamps.  We  know  this  because  the  plant  fossils  which 
are  found  in  coal  come  from  things  that  can  live  only  in 
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warm  places.  But  today  we  find  coal  not  only  in  warm 
and  temperate  lands,  but  also  in  Alaska,  Greenland,  and 
even  in  the  frozen  wastes  of  Antarctica.  Thus,  the 
climate  of  these  cold  regions  must  have  been  more  or 
less  like  that  of  Florida  today. 

We  know,  too,  that  some  parts  of  the  world,  now 
warm  and  temperate,  were  once  as  cold  as  Greenland  is 
today,  and  were  covered  with  a  tremendous  sheet  of  ice, 
because  we  find  in  these  regions  rocks  that  have  been 
scratched  and  polished  by  the  action  of  moving  ice. 
We  find  there  deposits  of  rocks,  sand,  and  gravel  that 
have  been  brought  to  their  present  position  by  ice. 

Why  is  it  that  ice-borne  materials  may  be  found  all 
over  the  northern  part  of  our  country,  but  not  in  the 
South?  The  map  (Figure  104)  will  show  you. 

The  Great  Ice  Age.  The  story  of  the  last  Great  Ice 
Age  can  be  learned  by  studying  the  materials  of  our 
earth.  About  two  or  three  million  years  ago  the  climate 
of  North  America  was  much  colder  than  it  is  today. 
The  average  temperature  need  not  have  been  more  than 
ten  degrees  lower,  but  it  was  enough  to  let  ice  sheets 
or  glaciers  form.  The  map  (Figure  104)  shows  three 
great  ice  sheets,  and  the  centers  from  which  they 
started.  A  remnant  of  one  of  them  remains;  which  is 
it? 

Ice  sheets  moved,  and  still  move,  much  as  valley 
glaciers  do.  Even  so,  you  may  wonder  how  they  could 
cover  so  much  country.  The  answer  is  that  the  sheets 
grew  and  spread  out  for  thousands  of  years. 

One  of  the  fascinating  parts  of  the  story  is  that  there 
were  many  changes  during  the  length  of  the  Great  Ice 
Age.  After  the  first  spread  of  the  glaciers  came  a  time 
of  warmth  and  melting.  Climates  were  mild  again. 
Wild  animals  roamed  through  forests  where  ice  had 
been.  Beds  of  peat  filled  the  swamps.  But  the  cold 
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FIGURE  104.     Extent  of  the  glaciers  in  the  last  Great  Ice  Age 

returned  again  and  again.  Ice  buried  the  forests  and 
killed  the  beasts  or  drove  them  southward.  Not  only 
once,  but  four  times  at  least  the  great  ice  sheets  formed 
and  melted  again.  The  last  one  must  have  retreated 
from  Minnesota  about  fifteen  thousand  years  ago  —  a 
very  short  time  in  terms  of  earth  history. 

The  foregoing  are  only  a  few  of  the  many  changes 
which  have  taken  place,  and  are  still  taking  place,  on 
this  earth  of  ours.  What  signs  of  change  can  you  see 
with  your  own  eyes? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Do  you  know  a  swamp  where  the  plant  material 
has  collected  to  form  peat?  This  is  the  first  stage  in 
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the  formation  of  coal.    If  you  find  some,  examine  it  to 
see  if  you  can  learn  what  kinds  of  plants  it  contains. 

2.  Do  you  know  a  place  where  there  is  a  seam  of 
coal?    If  you  can  visit  such  a  place,  find  out  what  kinds 
of  rock  are  near  the  coal. 

3.  Do  you  live  in  the  part   of  the   country  once 
covered  by  an  ice  sheet?     (See  the  map,  Figure  104, 
page  121.)     If  so,  you  ought  to  find  many  signs  of  its 
one-time  presence. 

REVIEW  QUESTIONS 

1.  Are  all  the  materials  that  make  up  the  earth  solid?     If  not, 
what  are  they? 

2.  How  does  heat  change  the  materials  of  the  earth? 

3.  What  are  two  causes  of  changes  in  rocks  below  the  earth's  sur- 
face? 

4.  What  do  scientists  mean  by  the  word  "rock"? 

5.  How  do  igneous  rocks  differ  from  sedimentary  rocks? 

6.  Can  you  find  near  your  home  any  kinds  of  rock  formed  by 
volcanic  action? 

7.  How  has  the  depositing  of  sediments  changed  the  earth  in 
your  home  region? 

8.  Account  for  the  formation  of  coal. 

9.  How  can  we  read  in  rocks  the  stories  of  strange  plants  and 
animals  of  former  times? 

10.  Account  for  the  formation  of  fossils. 

11.  Account  for  the  formation  of  petrified  wood. 

12.  What  two  groups  of  forces  are  continually  working  on  the 
earth's  surface,  one  building  it  up,  the  other  tearing  it  down? 

13.  How  does  the  weather  affect  rocks? 

14.  Why  are  stucco  houses  not  so  satisfactory  in  the  North  as  in 
the  South? 

15.  How  do  you  explain  the  fact  that  mountain  streams  are  usu- 
ally clear  and  lowland  streams  muddy? 

16.  Do  stones  that  are  exposed  to  the  air  increase  or  decrease  in  size? 

17.  How  is  a  glacier  formed? 

18.  How  does  ice-borne  earth  material  differ  from  water-borne 
material? 

19.  What  is  the  story  of  the  Great  Ice  Age? 
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20.  How  would  you  now  answer  the  questions  on  the  first  page 
of  this  unit? 


A  TEST  ON  THE  SCIENTIFIC  METHOD 

Two  things  that  are  true  about  a  scientist  are: 

1.  He  observes  carefully  and  uses  his  observations  to  form  con- 
clusions. 

2.  He  is  open-minded.     He  reaches  a  conclusion  only  when  he 
thinks  he  has  satisfactory  evidence. 

Some  boys  who  had  been  studying  about  the  earth  and  its  rocks 
went  on  a  hike  one  Saturday.  They  found  a  big  rock  which  looked 
interesting,  and  started  the  following  conversation.  You  are  to  tell 
whether  or  not  each  sentence  showed  the  scientific  method  of 
thinking,  as  stated  in  the  two  rules  given  above. 

Fred.  "  See  that  rock  that  glistens  in  the  sun !   It  must  be  shale." 

Paul.  "Why  do  you  think  it  is  shale?  It  seems  to  have  a  lot  of 
different  colors  in  it." 

Fred.  "Well,  shale  is  hardened  mud,  and  mud  has  all  kinds  of 
things  in  it." 

Tom.  "I  can  see  bits  of  shiny  stuff  that  look  like  broken  mir- 
rors. I  have  seen  bits  like  that  on  the  beach.  It  is  sandstone." 

Paul.  "It  doesn't  look  like  hardened  sand  to  me.  Some  of  the 
particles  are  much  bigger  than  others,  and  sand  particles  are  all 
about  the  same  size.  I  think  it  is  granite." 

Harry.  "  Does  it  have  crystals  in  it?  I  think  I  can  see  some  that 
look  almost  like  glass.  Perhaps  it  is  obsidian." 

Paul.  "Sure,  I  see  crystals,  but  granite  has  crystals  too,  you 
know." 

Tom.  "  But  it  is  a  kind  of  pink  color.  I  still  vote  for  sandstone. 
You  know  a  lot  of  sandstone  is  pink." 

Paul.  "  But  pink  sandstone  might  be  made  of  bits  of  broken  pink 
granite.  Don't  you  agree  that  it  is  granite?" 

TEST A  MATCHING  EXERCISE 

Do  not  write  in  this  book 

Each  of  the  terms  in  the  second  column  on  page  124  has  a  close 
connection  with  one  of  the  terms  in  the  first  column.  Copy  the 
first  column  on  paper,  and  write  beside  each  term  the  one  from 
the  second  column  that  belongs  with  it. 

123 


1.  Glaciers  Sandstone 

2.  Sedimentary  rock  Molten  rock 

3.  Lava  Metamorphic  rock 

4.  Hard  coal  Granite 

5.  Rivers  Petrified  trees 

6.  Fossils  Ice  Age 

7.  States  of  matter  Running  water 

8.  Sand  dunes  Alluvial  plain 

9.  Erosion  Solid,  liquid,  and  gas 
10.  Igneous  rock  Wind  action 

SOME  BOOKS  YOU  MAY  CARE  TO  READ 

BRETZ,  RUDOLF,  How  the  Earth  Is  Changing 
FENTON,  CARROLL  LANE,  Along  the  Hill 
FENTON,  CARROLL  LANE,  Our  Amazing  Earth 
GREGORY,  J.  N.,  The  Making  of  the  Earth 
MILLS,  ENOS  E.,  The  Romance  of  Geology 
SMITH,  EDITH  L.,  Everyday  Science  Projects 
WASHBURNE,  C.  and  H.,  The  Story  of  Earth  and  Sky 
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Unit  Five 

Living  Things 
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LIVING  THINGS 


FOUR  KINDS  of  living  things  are  shown  in  Figure  105. 
Can  you  point  out  some  ways  in  which  they  are  similar, 
and  some  other  ways  in  which  they  differ?  Do  they 
live  in  the  same  places?  Do  they  get  food  in  the  same 
way?  Are  we  able  to  use  them  to  our  own  advantage? 

The  answers  to  such  questions  as  these  are  well  worth 
knowing.  Long  before  any  histories  were  written,  men 
had  learned  to  use  plants  and  animals,  and  even  to 
study  them.  They  knew  that  some  could  be  eaten,  and 
others  provided  materials  that  made  for  safety  and  com- 
fort. On  the  other  hand,  there  were  many  living  things 
that  came  to  be  known  as  pests,  such  as  weeds  that  grew 
where  attempts  were  made  to  till  the  soil,  and  hordes 
of  insects  which  devoured  the  crops. 

Years  have  passed  since  those  early  days,  but  we  still 
find  it  worth  while  to  study  plants  and  animals.  We 
raise  them  for  the  food  supply,  and  for  many  other  rea- 
sons. We  have  learned  how  to  control  some  of  the 
pests.  In  this  unit  you  will  find  two  main  problems. 
The  first  of  these  has  to  do  with  the  nature  of  life.  The 
second  takes  up  ways  in  which  we  deal  with  plants  and 
animals. 

Problem  A  WHAT  is  THE  NATURE  OF  LIFE? 
You  would  have  no  trouble  in  deciding  that  many 
common  living  things  are  either  plants  or  animals.  For 
instance,  the  tree  shown  in  Figure  105  plainly  is  a  green 
plant,  and  the  horse  is  an  animal.  But  how  about  the 
other  two?  Without  the  labels  could  you  tell  which 
is  plant  and  which  is  animal?  In  this  case  it  is  not  so 
easy  to  be  certain,  because  the  two  are  so  much  alike. 
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A  single-celled  plant  dividing  into  four 


Single-celled  animal 


FIGURE  105.     Is  it  easy  to  tell  whether  all  living  things  are  plants  or 

animals? 


Let  us  begin  our  study  of  these  matters  by  learning 
some  small  things  that  dwell  in  ponds  and  streams. 

Problem-Question  1  WHAT  ARE  LIVING  THINGS? 
Perhaps  you  have  a  chart,  or  a  few  lantern  slides 
which  show  some  small,  rather  simple  green  plants  and 
animals  like  those  in  Figure  106.  Each  is  made  up  of 
but  a  single  cell  or  unit,  which  has  a  well-marked  outer 
boundary  or  wall.  Within  the  cell  is  the  living  sub- 
stance —  a  mass  of  material,  most  of  which  is  fluid .  This 
is  the  material  that  makes  life  possible. 
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Chlorophyll 


Nucleus 


Living 
substance 


FIGURE  106.    A.  Pleurococcus.    A  single-celled  plant. 
B.  Paramecium.    A  single-celled  animal. 

One  difference  between  the  green  plant  cell  and  the 
animal  cell  may  be  seen  at  once.  This  is  the  presence 
of  small  green  masses  in  the  plant  cell.  They  are  the 
things  that  make  the  cell  green  in  color,  and  they  are 
made  up  of  the  substance  called  chlorophyll  In  the 
next  unit  you  will  learn  why  chlorophyll  is  important, 
not  only  to  plants,  but  to  men. 

What  is  one  difference  between  a  green  plant  and  an 
animal? 

How  large  are  the  living  things  that  you  have  just 
studied? 

POND  LIFE 

One  of  the  best  places  to  get  acquainted  with  plants 
and  animals  is  along  the  border  of  a  shallow  pond.  Here 
we  often  find  that  a  lot  of  cattails  and  other  plants  grow 
right  down  to  the  water's  edge.  Then  comes  the  shallow 
water,  with  a  muddy  bottom  upon  which  lie  the  de- 
caying remains  of  plants  and  other  things. 

Pond  scums  may  be  seen  upon  the  surface.  They 
are  really  green  plants.  Some  small  fish  and  tadpoles 
may  be  present  near  the  shore.  It  may  also  be  possible 
to  find  a  few  crayfishes  and  snails,  as  well  as  water- 
dwelling  insects.  Fish,  tadpoles,  crayfish,  snails,  and 
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insects  are  all  animals,  and  they  are  among  the  larger 
things  that  live  in  such  a  place.  If  you  were  to  look  at 
a  drop  of  pond  water  through  a  microscope,  you  would 
no  doubt  see  some  of  the  tiny  plants  and  ariimals  like 
those  in  Figure  106.  Actually,  they  may  be  present  in 
great  numbers,  but  most  of  them  are  too  small  to  be 
seen  by  the  unaided  eye. 

Such  a  shallow  pond  and  the  things  that  live  in  it 
may  be  called  a  community.  Perhaps  you  have  already 
learned  that  green  plants  use  the  energy  of  sunlight  to 
make  foods  out  of  water  and  carbon  dioxide.  Thus 
the  plants  are  able  to  grow  and  become  more  abundant. 
They  serve  as  food  for  some  of  the  animals.  Other  an- 
imals eat  smaller  forms  of  animal  life. 

Another  large  group  of  living  things  also  is  present  in 
and  about  the  pond,  but  some  of  the  larger  examples 
may  be  found  on  the  land.  These  are  the  fungi,  simi- 
lar to  those  shown  in  Figure  107.  They  are  plants,  but 
they  do  not  contain  the  green  material  called  chloro- 
phyll, and  therefore  are  unable  to  make  food.  For  this 
reason  they  are  sometimes  called  dependent  plants.  Not 


FIGURE  107.     Two  common  types  of  fungi 
Bracket  fungus 


Toadstool 


Fentc 
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all  are  as  large  as  the  ones  shown  here,  and  some  can  be 
seen  only  with  the  aid  of  a  microscope. 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Various  living  things  can:  (a)  move  parts  of  their 
bodies;  (6)  move  the  entire  body;  (c)  use  oxygen;  (d) 
make  food;  (e)  use  food;  (/)  grow;  (g)  reproduce;  and 
(h)  excrete  wastes.     Make  a  list  of  five  common  plants 
and  five  common  animals,  and  try  to  decide  which  of 
these  abilities  is  shown  by  each  type. 

2.  With  the  aid  and  consent  of  your  teacher,  learn  to 
use  a  compound  microscope.    The  first  step  is  to  adjust 
the  mirror  (see  Figure  108),  so  that  you  see  an  even, 
white  field  when  looking  through  the  eyepiece.     Then 
place  a  microscope  slide  bearing  some  object  on  the 
stage.     Turn  the  coarse  adjustment  until  the  objective 
is  close  to  the  slide.     Then  look  through  the  eyepiece, 
and  turn  the  adjustment  so  that  it  is  gradually  raised 
until  the  image  comes  into  focus.     Practice  until  you 

have  learned  to  do  these 
things  well. 

3.  With  the  aid  of  a 
microscope  or  micropro- 
jector,  examine  materials 
taken  from  the  waters  of 
a  pond  or  an  aquarium. 
Try  to  tell  the  difference 
between  plants  and  ani- 
mals. Note  the  various 
things  (see  1  above)  that 
different  plants  and  ani- 
mals can  do. 
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FIGURE  108 
A  compound  microscope 
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Problem-Question  2     HOW 

ARE    LIVING    THINGS 
SIMILAR? 

You  have  leaded  that 
both  plant  and  animal  cells 
contain  a  living  material. 
Anything  these  cells  can 
do  is  due  to  such  mate- 
rial. Plants  and  animals  - 
large  and  small  —  use  en- 
ergy, discharge  wastes, 
grow,  reproduce,  and  do 
other  things.  To  this 
extent  they  are  similar, 

and  this  is  because  the  living  substance  that  fills  their 
cells  is  similar. 

There  is  another  way  in  which  plants  and  animals 
are  alike.  We  can  see  this  by  looking  at  a  chart, 
lantern  slide,  or  microscope  slide  that  shows  a  sec- 
tion of  plant  or  animal  tissue,  such  as  the  one  pictured 
in  Figure  109.  Note  the  little,  boxlike  compartments. 
They  are  the  cells.  Each  of  them  contains  the  living 
substance. 

Are  all  cells  the  same  size  and  shape? 


FIGURE  109.  A  section  of  a  plant  stem, 
greatly  enlarged  to  show  the  cells  of  which 
it  is  made. 


.** 


Cartilage  cells 


FIGURE  110.     Four  types  of  cells,  greatly  enlarged.     Do  you  see  ways 
in  which  they  differ? 
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FIGURE  111.      When  the  carrot  is  heated, 
moisture  will  collect  on  the  glass  plate. 


You  can  learn  more  about 
living  material  by  putting  a 
slice  of  carrot  in  a  porcelain 
dish,  and  heating  it  over  a 
flame,  as  shown  in  Figure 
111.  Hold  a  glass  plate  j  ust 
above  the  dish  while  the 
heating  is  going  on.  Drops 
of  water  will  collect  on  its 
lower  surface.  After  a  time 
nothing  remains  except 
some  charred,  black  ma- 
terial in  the  bottom  of  the 
dish.  A  chemist  will  tell  you 
that  this  is  largely  carbon. 

Might  some  other  things 
have  been  present  also? 


LIVING  SUBSTANCE 

Water  is  made  up  of  hydrogen  and  oxygen.  The  car- 
rot, then,  contained  hydrogen,  oxygen,  and  carbon,  so 
far  as  the  results  of  this  experiment  are  concerned. 
Actually,  other  things  were  also  present,  among  them 
nitrogen.  Hydrogen,  oxygen,  carbon,  and  nitrogen 
make  up  the  bulk  of  living  substance. 

Scientists  have  named  the  living  substance  proto- 
plasm. They  have  found  that  in  it  carbon,  hydrogen, 
oxygen,  and  nitrogen  are  combined  to  form  a  number  of 
things.  One  of  these  is  water  (hydrogen  and  oxygen). 
Others  are  the  well-known  food  substances  such  as 
meats  (called  proteins),  fats  and  vegetable  oils  (called 
fats),  and  starches  and  sugars  (called  carbohydrates).  If 
you  had  used  a  piece  of  meat  instead  of  a  carrot  in  the 
foregoing  experiment,  the  result  would  have  been 
similar. 
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Cells.     No  matter  how       X^ii|B5>\ 
large  or  complicated  the     /^Sffi^A:;ft\ 
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of  cells,  or  of  parts  that  N^^pST" 

have  been  formed  by  cells.  x^S^x 
This    is    another    way  in 

...  /.  FIGURE  112 

which  most  living  things 

are  similar.     Not  all  cells, 

of  course,  are  exactly  alike.  They  differ  in  size,  in  shape, 

and  in  the  things  that  they  can  do.    Figure  110,  on  page 

131,  shows  several  different  kinds.  They  do  not  look  the 

same,  but  they  are  all  cells. 

Our  own  bodies  are  no  exception.  They  are  masses 
of  cells  —  millions  of  them.  Within  these  tiny  units 
the  work  of  the  body  goes  on.  Great  numbers  of  them 
are  active  when  but  a  slight  movement  is  made. 
Many  cells  are  at  work  all  the  time,  even  while  we  are 
sleeping. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Using  a  razor  blade,  cut  a  green  plant  stem  in  two. 
Then  cut  a  thin  slice  directly  across  one  of  the  cleanly 
severed  ends.    Place  the  slice  on  a  microscope  slide,  add 
a  drop  of  water,  and  cover  it  with  a  cover  glass.     Ex- 
amine it  with  the  aid  of  a  microscope.    What  you  have 
is  a  cross-section  of  a  stem,  similar  to  that  shown  in 
Figure  109.     Can  you  find  evidence  that  tissues  are 
made  up  of  cells? 

2.  Examine  a  stained  cell  (microscope  slide)  with  the 
aid  of  a  microscope.     Try  to  locate  the  parts  shown  in 
Figure  112. 

3.  Take  an  apple  or  some  similar  substance,  weigh  it 
carefully,  and  make  a  record  of  the  weight.     Place  it  on 
a  hot  radiator,  or  in  some  similar  place,  and  leave  it 
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until  it  is  quite  dry.  Now  weigh  it  again  and  find  out 
how  much  lighter  it  has  become.  What  has  brought 
about  this  change?  How  can  you  relate  it  to  what  you 
have  learned  about  living  substance? 


Problem-QuestionS    HOW  DO  LIVING  THINGS 

DIFFER? 

You  have  now  seen  that  living  things  are  not  only 
alike  in  some  respects,  but  unlike  in  others.  To  be 
sure,  certain  small  plants  and  animals  look  very  much 
the  same,  but  even  in  such  cases  there  are  differences 
that  can  be  seen  by  an  expert.  For  example,  you  know 
that  a  green  plant  contains  chlorophyll,  but  that  an 


FIGURE  113.     How  do  these  pictures  show  you  ways  in  which  living 

things  differ? 


Flower 


Bat 


Fish 


Mole 


animal  does  not.  You  have  learned  that  some  plants 
and  animals  can  be  seen  only  through  the  lenses  of  a 
microscope,  but  that  others  are  far  larger  than  our- 
selves. 

This  is  by  no  means  the  whole  story,  as  we  can  see 
when  we  begin  to  make  comparisons.  Many  of  the 
larger  living  things  show  striking  differences.  A  field 
trip  will  furnish  plenty  of  examples:  so  will  a  study  of 
lantern  slides  showing  various  plants  and  animals.  It  is 
not  enough  merely  to  see  that  living  things  vary.  You 
should  also  be  able  to  tell  how  they  differ. 

Are  such  differences  only  a  matter  of  size? 

Are  all  trees  or  all  rabbits  exactly  alike? 

DIFFERENCES  AMONG  LIVING  THINGS 

Look  at  the  things  shown  in  Figure  113.  Anyone 
would  know  that  they  are  not  the  same,  even  though  he 
might  not  be  able  to  tell  exactly  what  the  differences 
are.  All  of  them  have  parts  or  structures  that  are  quite 
unlike.  It  is  because  of  these  differences  that  each  acts 
in  its  own  way.  The  bat  is  the  only  one  of  the  group 
that  can  fly.  Similarly,  the  plant  alone  can  produce 
flowers  and  seeds.  None  but  the  fish  lives  in  the  water, 
and  none  but  the  mole  burrows  in  the  soil. 

It  is  because  of  differences  such  as  these  that  we  are 
able  to  separate  plants  from  animals,  and  one  kind  of 
animal  or  plant  from  another.  Some  types  are  very 
much  alike,  to  be  sure,  but  in  other  cases  the  differences 
are  striking.  We  depend  upon  them  in  recognizing  the 
living  things  of  our  world.  Most  of  us,  for  instance,  can 
name  several  kinds  of  dogs,  and  tell  them  apart.  If  we 
should  meet  a  breed  of  dog  we  had  never  seen,  we  should 
probably  know  it  was  a  dog  just  the  same.  Certainly 
we  should  not  be  likely  to  mistake  it  for  a  cat. 

It  is  also  worth  noting  that  individual  members  of 
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the  same  kind  of  plant  or 
animal  are  not  identical. 
Some  are  larger  than 
others.  Many  do  not  have 
exactly  the  same  form  or 
color.  Even  like  parts  of 
one  individual  may  vary. 
The  leaves  shown  in  Figure 
114  all  came  from  the  same 
tree,  but  they  are  by  no 
means  the  same  size  or 
shape.  A  dozen  roses 
blooming  in  the  garden 
may  look  alike  at  first 
glance,  yet  careful  study 
will  usually  reveal  that  this 
is  not  actually  true. 

Let  us  now  combine  the 
two  important  general 
things  that  have  been 

learned  in  this  and  the  preceding  problem.  By  observ- 
ing how  all  living  things  are  alike,  and  also  how  they 
differ,  man  has  been  helped  to  discover  how  to  care  for 
the  plants  and  animals  that  we  want  to  raise,  and  how 
to  control  the  plants  and  animals  that  become  pests. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Prepare  an  exhibit  of  leaves  taken  from  different 
plants,  to  show  how  such  parts  vary. 

2.  After  looking  up  the  references  at  the  end  of  this 
unit,  prepare  a  report  in  which  you  contrast  plants  and 
animals  that  are  very  large  with  others  that  are  very 
small. 

3.  Sprout  ten  or  twenty  corn  grains  in  a  container 
filled  with  soil.    Water  the  young  plants,  and  keep  them 
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FIGURE  114.     Leaves  from  the  same  tree, 
showing  how  they  may  vary. 


in  sunlight.     Compare  them  after  two  weeks'  growth, 
to  see  if  they  are  exactly  alike. 

4.  Study  the  plants  and  animals  in  an  aquarium.  Be 
prepared  to  say  how  they  differ  with  respect  to:  (a)  size; 
(b)  color;  (c)  food  that  they  use;  (d)  any  matter  of 
behavior. 


Problem-Question  4    HOW  DO  LIVING  THINGS 

SURVIVE? 

You  have  learned  that  plants  and  animals  carry  on 
various  life  activities.  The  things  that  they  do  enable 
them  to  survive  —  to  keep  on  living.  Some  kinds  of 
living  things  have  special  structures  or  parts  which 
serve  them  in  obtaining  food,  avoiding  enemies,  and 
other  things  that  they  may  have  to  do.  Have  you  ever 
heard  of  places  in  which  grasshoppers  became  so  numer- 
ous that  they  ate  up  the  crops?  Have  you  seen  gardens 
that  were  " smothered"  by  weeds?  Things  like  this 
sometimes  happen,  and  they  show  that  some  kinds  of 
plants  and  animals  may  become  very  abundant  when 
conditions  are  favorable.  They  may  thus  become  pests. 

Adaptations.  Study  the  things  shown  in  Figure  116. 
Cactus  plants  are  found  in 
dry,  desert-like  places, 
where  many  other  plants 
will  not  grow.  One  of  the 
reasons  why  the  cactus 
plants  survive  is  that  they 
are  able  to  store  water  for 
use  during  the  weeks  and 
months  when  rain  does  not 
fall.  Another  is  that  they 
bear  sharply  pointed  spines. 
These  protect  them  against 


FIGURE  115.  A  weed-bordered  roadside. 
Many  different  kinds  of  weeds  are  likely  to 
grow  in  such  a  place. 
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FIGURE  116.  Some  special  adaptations.  Spines  of  the  cactus  and 
quills  of  the  porcupine  tend  to  protect  them  from  their  enemies.  The 
shark's  teeth  are  used  for  obtaining  food.  Milkweed  seeds  bear  hair-like 
structures  and  are  often  carried  great  distances  by  the  wind. 
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many  hungry  animals.  Similarly,  the  porcupines  of 
our  North  woods  are  well  known  for  their  quills.  Many 
animals  are  prevented  from  attacking  them  because 
porcupines  possess  these  defense  structures.  A  shark 
has  a  mouth  armed  with  sharp,  cutting  teeth.  They 
enable  the  shark  to  make  short  work  of  many  fish  upon 
which  it  feeds,  or  to  ward  off  an  enemy. 

Note  that  the  seed  pods  of  a  milkweed  are  filled  with 
seeds.  Each  seed  has  many  fine  hairs  on  it,  and  can  be 
carried  long  distances  by  the  wind.  When  the  pods 
open,  the  seeds  are  blown  about,  and  some  are  likely  to 
fall  on  the  ground  in  places  where  there  is  a  good  chance 
that  they  will  sprout  and  grow.  Such  things  as  these 
wind-blown  seeds,  the  teeth  of  a  shark,  the  spines  of  a 
cactus,  and  the  quills  of  a  porcupine  are  sometimes 
called  adaptations.  If  you  look  at  lantern  slides  that 
show  different  plants  and  animals,  or  if  you  visit  a  zoo, 
botanical  garden,  or  museum,  you  will  be  sure  to  see 
many  more  like  them. 

In  what  way  are  special  adaptations  useful? 

SPECIAL  ADAPTATIONS 

When  you  stop  to  think  about  adaptations  you  will 
see  that  some  serve  one  purpose  and  some  serve  another. 
The  quills  of  a  porcupine  give  protection  and  so  do  the 
spines  of  a  cactus.  On  the  other  hand,  the  teeth  of  a 
shark  are  mainly  used  in  obtaining  food.  The  structure 
of  a  milkweed's  seeds  favors  scattering,  so  that  some  of 
the  new  plants  may  have  good  places  in  which  to  grow. 
Being  able  to  obtain  food,  to  grow,  and  ward  off  en- 
emies are  things  of  great  value  to  a  plant  or  an  animal. 
If  they  are  not  able  to  do  such  things  they  are  not  likely 
to  last  very  long. 

Electric  organs.  Certain  adaptations  are  interesting, 
because  they  are  so  unusual.  One  occurs  in  the  torpedo 
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ray,  as  shown  in  Figure 
117.  It  is  a  member  of  the 
shark  tribe,  and  lives  in  the 
sea.  On  either  side  of  its 
body  are  masses  of  cells 
which  make  up  the  so-called 
electric  organs.  These  or- 
gans actually  are  able  to 
give  off  an  electric  discharge 
which  will  kill  or  stun  a 
small  fish  that  ventures  too 

close  to  the  ray.  It  is  in  this  manner  that  a  ray  gets 
some  of  its  food.  The  electric  organs  can  also  be  used 
to  drive  off  possible  enemies. 

A  plant  that  traps  insects.  A  plant  which  has  an  amaz- 
ing adaptation  is  the  Venus  fly-trap.  This  little  plant  is 
found  growing  in  some  of  the  eastern  marshes,  and  is 
noted  for  its  ability  to  catch  or  "  trap  "  insects.  If  you 


FIGURE  117.  A  torpedo  ray,  with 
part  of  its  upper  surface  removed 
to  show  the  electric  organs 


FIGURE  118.     A  Venus  fly-trap 
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look  at  Figure  118  you  will  see  what  some  of  the  "  traps  " 
at  the  ends  of  the  leaves  look  like.  When  an  insect 
lights  upon  such  a  trap,  the  two  sides  of  the  leaf  close 
together,  and  the  victim  is  captured.  Then  cells  of  the 
leaf  give  out  a  chemical  substance  which  dissolves  the 
insect. 

Our  hands.  We  ourselves  have  many  adaptations  of 
structure  and  behavior,  but  most  of  them  do  not  seem 
at  all  strange  to  us  because  they  are  so  familiar.  Our 
hands,  however,  are  almost  in  a  class  by  themselves  be- 
cause they  can  be  used  for  so  many  different  purposes. 
They  can  handle  very  small  objects,  or  tools,  and  oper- 
ate all  sorts  of  machines.  With  them  we  can  write, 
obtain  food,  play  pianos,  throw  baseballs,  sew  gar- 
ments, and  do  a  host  of  other  things.  They  have  en- 
abled us  to  use,  and  to  gain  control  over  many  things 
about  us. 

The  adaptations  that  we  have  been  thinking  of  in 
this  problem-question  show  certain  ways  in  which  living 
things  survive.  But  remember  that  no  matter  how 
living  things  differ  from  each  other,  they  are  alike  in 
being  composed  of  cells  filled  with  protoplasm. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Prepare  an  exhibit  of  pictures  showing  plants  and 
animals  that  have  special  adaptations. 

2.  Prepare  and  exhibit  a  collection  of  plant  seeds. 
Include  "winged  seeds,"  and  other  types  that  are  likely 
to  be  scattered  far  and  wide. 

3.  Visit  a  museum,  zoological  park,  or  botanical  gar- 
den, and  study  cases  of  special  adaptations,  as  shown 
by  plants  and  animals. 

4.  The  plants  (and  animals)  of  a  terrarium  may  be 
used  to  study  adaptations.    To  make  a  terrarium,  do  as 
follows:  Use  an  old  aquarium,  or  a  large  battery  jar  as  a 

141 


container.  Place  a  layer 
of  gravel  or  sand  on  the 
bottom  to  a  depth  of  two 
or  three  inches.  On  this 
put  three  or  four  inches  of 
good  black  loam.  See  to 
it  that  the  soil  is  well 
moistened,  and  keep  it  that 
way.  Visit  the  bank  of  a 
stream  and  get  some  li- 
chens, liverworts,  mosses, 
and  ferns.  Plant  them  in 
the  terrarium.  Cover  it 
with  a  pane  of  glass  (to 
prevent  rapid  evapora- 
tion), and  put  it  in  a  fairly 
warm  place  near  a  window, 

where  the  sun's  rays  will  fall  upon  it  during  the  day. 

Frogs,  toads,  and  some  salamanders  may  be  kept  in  a 

moist  terrarium. 


FIGURE  119. 


Gendreau 

Terraced  rice  fields 


Problem  B    HOW   DO   WE   USE   PLANTS   AND 

ANIMALS  ? 

Having  learned  some  things  about  plants  and  ani- 
mals, let  us  consider  ways  in  which  we  use  them. 
Look  at  Figure  119.  It  is  from  a  picture  taken  in 
Java,  showing  how  the  people  of  that  region  learned 
to  use  the  soil  of  high  hills  and  mountains  to  raise 
food  plants.  Observe  that  the  slopes  have  been 
terraced  to  hold  the  water  and  to  keep  the  soil  from 
washing  away.  Rice  was  being  raised  in  this  place 
when  the  picture  was  taken.  Of  course,  flat,  marshy 
land  would  have  been  better  for  the  purpose.  Then  it 
would  not  have  been  necessary  to  build  the  terraces.  But 
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Blackington 

FIGURE  120.     What  a  forest  fire  will  do 


there  is  so  little  flat  or  level 
land  in  some  countries  that 
even  the  mountainsides 
must  be  used  for  gardens. 

We  do  not  always  use 
the  things  of  nature  to  such 
good  ends.  Look,  for  ex- 
ample, at  Figure  120.  It 
shows  what  happens  when 
a  forest  is  swept  by  fire. 
Thousands  of  trees  are  de- 
stroyed every  year.  Many 
of  the  fires  are  caused  by 
careless  tourists,  or  people 

who  leave  campfires  burning.  Not  only  are  useful  trees 
lost,  but  a  great  deal  of  wild  life  is  killed  or  driven  out. 
The  burned-over  soil  may  also  become  less  fertile. 

We  do  not  like  to  have  such  things  take  place.  We 
know  that  one  way  in  which  man  has  improved  his  lot 
is  through  better  use  of  the  plants  and  animals  about 
him.  The  cave  men  of  ancient  times  were  largely  con- 
tent to  hunt  and  fish  for  their  food.  Thus  they  must 
have  often  gone  hungry  when  storms  kept  them  in  their 
shelters,  and  when  fish  and  game  were  not  abundant. 
Through  the  ages,  people  have  learned  ways  to  get  a 
food  supply  upon  which  they  can  draw  at  any  time. 
They  also  have  found  that  many  products  of  plants  and 
animals,  although  not  edible,  are  useful  in  other  ways. 
You  will  learn  about  some  of  these  in  this  problem. 

Problem-Question  1  HOW  HAVE  MEN  MADE  IN- 
CREASED USE  OF  PLANTS 
AND  ANIMALS? 

You  probably  have  heard  that  in  recent  years*  many 
hillsides  have  been  planted  anew  with  trees.  We  call 
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FIGURE  121.  A  tree  crop.  We  once  de- 
pended altogether  upon  natural  forests  for 
our  wood  and  lumber.  Today,  trees  are 
planted  and  raised  on  large  tracts  of  land. 


this  reforestation.  In  some 
cases  the  trees  have  even 
'been  set  out  on  perfectly 
flat  tracts  of  land,  similar 
to  that  shown  in  Figure 
121.  Perhaps  you  may  be 
able  to  look  at  some  pic- 
tures or  lantern  slides  that 
show  the  soil  before  and 
after  reforestation.  Even 
better,  would  be  a  chance 
to  visit  some  locality  where 
a  crop  of  trees  has  recently 
been  set  out. 

What  products  do  we  get 
from  the  trees? 

Why  is  the  presence  of 
trees  desirable  on  hilly  land? 

SOIL,  PLANTS,  AND 
ANIMALS 


In  the  preceding  problem 
you  learned  that  the  basic 

food  of  all  living  things  is  made  by  green  plants.  This 
is  as  true  in  ponds,  streams,  and  the  ocean  as  it  is  on 
land.  For  the  moment,  however,  we  are  interested  in 
the  land,  because  we  ourselves  live  there.  Most  of  the 
green  plants  found  on  the  land  grow  best  on  a  fertile  soil. 
We  therefore  try  to  preserve  such  a  soil,  for  we  realize 
that  a  good  food  supply  depends  upon  it.  So  does  the 
supply  of  many  other  things  that  we  do  not  use  as  foods. 
Raising  plants  and  animals.  Given  a  fertile  soil,  the 
next  problem  is  to  have  it  produce  the  things  that  we 
need.  These  may  range  from  wood  that  is  used  in  mak- 
ing paper  to  cattle  from  which  we  get  beef,  and  wheat 
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that  yields  flour  and  breakfast  foods.  The  day  has  long 
since  passed  when  it  was  possible  for  men  merely  to  go 
to  the  forest,  fields,  and  streams  to  find  all  of  the  things 
that  they  needed.  It  is  true  that  we  still  take  large 
numbers  of  fish  from  lakes,  rivers,  and  the  sea.  We 
still  obtain  many  other  products  from  wild  sources. 
But  much  of  what  is  eaten  or  otherwise  used  is  deliber- 
ately raised  for  that  purpose.  Attempts  have  been 
made  to  grow  all  sorts  of  plants  and  animals  on  farms. 
Some  have  been  very  successful,  and  others  have  failed. 

Many  of  our  garden  plants  and  farm  animals  were 
brought  in  from  the  Old  World.  Some,  however,  have 
come  to  us  from  native  American  types.  One  of  the 
most  important  food  plants  of  the  United  States,  for 
example,  is  corn.  In  looking  at  a  field  of  corn  you  might 
not  suspect  that  the  plants  have  come  from  some  all- 
but-forgotten  Mexican  grasses.  Yet  such  is  probably 
the  case.  Indian  corn  was  unknown  to  the  Europeans 
before  they  made  their  first  voyages  to  the  New  World. 

We  actually  eat  only  a  small  part  of  the  corn  that  is 
raised.  Some  of  it  goes  into  such  things  as  pastes, 
glues,  soaps,  and  even  water  colors  and  twine.  Part 
of  it  is  turned  into  alcohol  from  which  a  form  of  rubber 
can  be  made.  Large  amounts  are  fed  to  cattle  and  hogs, 
especially  when  the  latter  are  being  fattened  for  the 
market.  From  these  animals  we  get  beef  and  pork,  as 
well  as  things  that  we  do  not  eat,  such  as  leathers. 

What  relationship  do  you  see  between  soil,  green 
plant,  domesticated  animal,  and  things  that  we  eat  or 
otherwise  use? 

New  things  to  raise.  Scientists  still  go  about  the  world 
looking  for  plants  and  animals  that  may  be  used  with 
profit.  Others  work  at  improving  those  that  are  al- 
ready well  known.  Some  animals  that  we  are  now 
learning  to  raise  include  the  fur-bearers.  Foxes,  mink, 
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FIGURE  122.     Gully  erosion  that  has  been  caused  by  running  water 


Blackingto 


raccoons,  skunks,  muskrats,  and  some  others  are  now 
being  produced  on  farms  because  fur  for  garments  is  in 
great  demand  and  not  enough  fur  can  be  obtained  from 
animals  of  the  wild.  By  raising  animals  in  captivity 
we  are  more  likely  to  have  as  many  furs  as  we  need. 
This  method  also  makes  it  unnecessary  to  destroy  wild 
animals. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Look  up  the  references  at  the  end  of  this  unit  and 
see  (a)  why  many  hawks  and  owls  are  useful,  and  (6) 
why  some  snakes  are  useful. 

2.  Assemble  an  exhibit  of  pictures  showing  ten  farm 
animals,  and  ten  farm  plants.     Try  to  find  out  from 
what  part  of  the  world  each  has  come. 

3.  Make  a  survey  of  your  community  to  find  out 
what  plants  and  animals  are  commonly  raised.      Be 
prepared  to  explain  the  uses  that  are  made  of  each  type. 
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FIGURE  123.     A  test  tube  of  water  in  which 
gravel,  sand,  and  black  loam  have  settled 


Problem-Question  2    WHY 

IS        CONSERVATION^' 
NECESSARY? 

What  you  have  learned 
about  the  uses  of  plants 
and  animals  has  no  doubt  | 
told  you  why  we  are  much 
interested  in  saving  the 
soil.  You  may  also  know 
that  we  do  not  always  suc- 
ceed. Have  you  ever  vis- 
ited a  place  where  gullies 
have  been  cut  into  the  hill- 
sides by  running  water? 
Have  you  watched  water 
run  off  the  surface  of  the 
ground  during  or  just  after 
a  hard  rain?  The  water 
carries  surface  soil  with  it;  this  process  is  called  erosion. 
Figure  122  shows  some  hilly  land  that  has  been  cut  into 
gullies  by  running  water.  In  such  fashion  the  surface 
soil,  or  topsoil,  is  washed  away  into  brooks,  rivers,  and 
finally  into  the  sea.  It  thus  becomes  useless. 

The  finer  particles  of  soil  may  be  carried  some  distance 
by  water  because  they  tend  to  remain  in  the  water  and 
do  not  drop  to  the  bottom  as  quickly  as  do  pieces  of 
gravel  and  bits  of  sand.  You  may  wish  to  test  this 
statement  by  a  simple  experiment.  If  so,  mix  together 
equal  amounts  of  gravel,  sand,  and  black  dirt  in  a  pan 
of  water.  Then  pour  the  contents  of  the  pan  into  a  jar 
or  large  test  tube,  and  allow  the  three  different  soils  to 
settle  to  the  bottom.  The  result  of  such  an  experiment 
is  shown  in  Figure  123. 

Which  type  of  soil  was  retained  the  longest  time  by  the 
water? 
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What  kinds  of  soils  are  likely  to  be  carried  the  greatest 
distance  by  running  water? 

CONSERVATION 

Fertile  soils.  Scientists  who  study  such  matters  have 
long  known  that  the  topsoils,  and  especially  the  black 
dirt  or  loams,  are  likely  to  be  much  more  fertile  than 
are  layers  that  lie  beneath  the  surface.  Topsoils  in- 
clude the  decayed  remains  of  plants  and  animals  which 
make  them  richer.  After  many  years  of  growth  and 
decay,  such  a  soil  may  become  very  fertile.  It  may 
support  an  abundant  growth  of  crop  plants.  The  im- 
portant thing  to  remember  is  that  while  rich  soils  de- 
velop only  after  years  or  centuries,  erosion  may  carry 
them  away  in  days  or  weeks. 

Plant  roots  and  soil.  Under  natural  conditions,  the 
soil  is  covered  with  a  growth  of  various  plants.  These 
may  be  trees,  grasses,  or  some  of  the  smaller  kinds  of 
vegetation.  The  presence  of  the  plant  roots  in  the  soil 
tends  to  prevent  erosion  by  running  water.  It  also 
keeps  the  soil  from  being  blown  away  by  the  wind. 

When  forests  are  cut  and  hillsides  are  plowed,  erosion 
is  likely  to  be  rapid.  The  result  of  this  sort  of  thing 
is  shown  in  Figure  122.  Plowing  western  dry  land 
often  results  in  loss  of  soil,  for  winds  begin  to  blow 
the  surface  dirt  about.  Then  we  have  dust  and 
sand  storms,  and  the  fertile  topsoil  is  carried  away. 

Checking  erosion.  Care- 
less use  of  land  has  brought 
about  disasters  in  various 
parts  of  our  country.  We 
now  try  to  reforest  the  hill- 
sides, and  thus  save  the  soil. 
We  also  attempt  to  start 
^small  plants  growing  again 
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FIGURE  124.     A  beaver 


Galloway 


upon  the  dry,  western  lands,  hoping  thus  to  anchor  the 
drifting  sands.  Plenty  of  fertile  topsoil  remains  in 
North  America,  but  it  would  not  remain  for  long  if 
erosion  was  allowed  to  proceed  unchecked. 

Protecting  wild  life.  Efforts  to  save  the  soil  represent 
one  kind  of  conservation.  But  other  kinds  are  also 
needed.  Our  soil  is  not  the  only  thing  that  has  been 
used  in  rather  wasteful  fashion.  Native  forests  have 
been  cut  away  and  burned  away  at  a  rapid  rate.  Many 
trees  remain,  to  be  sure,  but  they  are  not  always  the 
most  useful  types.  Equally  serious  has  been  the  de- 
struction of  some  birds,  and  other  animals,  including  fish. 

Beavers,  for  example,  formerly  were  found  over  a 
large  part  of  North  America.  The  pioneer  trappers 
sought  them  eagerly  because  the  hides  could  be  sold  or 
traded.  As  a  result,  beavers  just  about  disappeared  in 
the  United  States,  although  numbers  of  them  remained 
in  parts  of  Canada.  Under  the  protection  of  the  law, 
they  have  become  more  numerous  again,  and  have  been 
brought  back  to  some  parts  of  the  country. 

The  case  of  other  animals  has  been  similar.  Some 
birds,  such  as  the  famous  passenger  pigeon,  have  actu- 
ally ceased  to  exist.  This  unfortunate  result  is  partly 
due  to  too  much  hunting  but  also  to  the  cutting  of 
forests  and  the  draining  of  marshes  and  streams.  When 
such  practices  are  followed  on  a  large  scale,  the  foods 
and  refuges  of  many  wild  animals  are  destroyed.  On 
the  other  hand,  if  resources  are  used  wisely  and  wild 
life  is  properly  protected,  the  numbers  of  useful  ani- 
mals may  increase. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  consulting  the  references,  prepare  a  report 
describing  what  is  meant  by  stream  pollution.  Tell 
what  effect  pollution  has  upon  native  fish. 
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2.  Make  a  survey  of  your  community  to  find  out: 
(a)  Where  erosion  is  going  on  at  a  rapid  rate.     (6)  The 
cause  in  each  case.     (Note:  In  doing  the  work,  the 
community  may  be  divided  into  parts  and  each  part  as- 
signed to  the  pupils  who  live  there.    The  results  may  be 
brought  together  by  marking  the  erosion  areas  on  a  map.) 

3.  Make  a  trip  to  some  place  that  has  been  badly 
eroded,    (a)  In  cases  of  wind  erosion,  observe  how  the  top- 
soil  is  carried  away.     (6)  In  cases  of  water  erosion,  see  how 
tiny  rills  become  deeper  and  wider  until  they  are  gullies. 

4.  After  studying  the  references,  prepare  a  report 
upon  The  American  Dust  Bowl. 


REVIEW  QUESTIONS 

1.  What  common  substances  are  used  by  a  green  plant  in  making 
food? 

2.  How  do  dependent  plants  and  animals  obtain  food? 

3.  What  are  some  of  the  plants  and  animals  of  a  pond  community? 
How  are  some  members  of  this  community  dependent  on  others? 

4.  What  are  some  things  that  both  plants  and  animals  can  do? 

5.  What  is  meant  by  a  cell?    What  does  a  cell  contain? 

6.  Mention  four  ways  in  which  cells  vary. 

7.  What  things  can  protoplasm  do? 

8.  Are  all  plants  or  animals  of  the  same  kind  exactly  alike? 

9.  Why  do  some  plants  and  animals  become  pests? 

10.  Why  are  grasshoppers  often  considered  to  be  pests? 

11.  How  are  adaptations  related  to  survival? 

12.  What  is  "terracing,"  and  why  is  it  done? 

13.  What  are  two  general  reasons  for  reforesting  hillsides? 

14.  Is  corn  useful  only  as  a  food?    Explain. 

15.  What  furbearing  animals  are  now  being  raised  in  captivity? 

16.  How  is  a  fertile  topsoil  formed? 

TEST  ON  THE  UNIT 

Do  not  write  in  this  book 

A.  If  you  have  studied  this  unit  carefully,  you  should  be  able 
to  answer  most  or  all  of  the  following  questions.     Number  1  to  10 
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on  a  piece  of  paper.    For  each  question  write  the  letter  of  the 
response  that  is,  in  your  opinion,  the  best  answer: 

1.  One  of  the  most  important  differences  between  green  plants 
and  animals  is  that  green  plants  are  (a)  always  unable  to  move 
about,  (6)  able  to  make  foods,  (c)  found  both  on  the  land  and  in 
water,  (d)  useful  as  sources  of  both  food  and  clothing. 

2.  The  substance  that  makes  a  green  plant  green  is  (a)  proto- 
plasm, (6)  protein,  (c)  chlorophyll,  (d)  carbon  dioxide. 

3.  Fungi  may  best  be  described  as  (a)  dependent  plants,  (6)  ani- 
mals that  cannot  move,  (c)  poisonous  plants,  (d)  useful  animals. 

4.  All  plants  and  all  animals  agree  in  that  they  are  (a)  able  to 
make  foods,  (6)  useful  to  man,  (c)  able  to  move  from  place  to  place, 
(d)  made  up  of  cells. 

5.  Living  substance  always  contains  such  compounds  as  proteins, 
fats,  carbohydrates,  and  (a)  water,  (6)  nitrogen,  (c)  iron,  (d)  lead. 

6.  In  the  following  list,  the  plant  most  likely  to  survive  on  a 
very  dry  soil  would  probably  be  (a)  an  elm  tree,  (6)  a  cactus,  (c)  a 
milkweed,  (d)  a  radish. 

7.  In  the  following  list,  an  animal  that  possesses  electric  organs 
is  (a)  an  amoeba,  (6)  a  torpedo  ray,  (c)  a  porcupine,  (d)  a  shark. 

8.  The  wearing  away  of  soil  by  running  water  and  wind  is  called 
(a)  glaciation,  (6)  deforestation,  (c)  erosion,  (d)  cultivation. 

9.  In  the  following  list,  a  condition  that  tends  to  prevent  erosion 
is  (a)  freezing  and  thawing,  (6)  good  drainage,  (c)  presence  of  plant 
roots  in  soil,  (d)  a  fertile  topsoil. 

10.  In  the  following  list,  an  extinct  type  is  the  (a)  passenger 
pigeon,  (6)  bison,  (c)  beaver,  (d)  torpedo  ray. 

B.  Harry  was  interested  in  raising  some  tame  rabbits.  One  day 
he  said  to  his  friend  Joe,  "  I  like  to  read  about  animals  that  we  raise, 
but  I  don't  see  any  sense  in  studying  plants."  (1)  Why  was 
Harry's  thinking  unscientific?  (2)  What  had  he  overlooked? 

SOME  BOOKS  YOU  MAY  CARE  TO  READ 

ATHEY,  L.  C.,  Along  Nature  s  Trails 

BOULENGER,  E.  G.,  World  Natural  History 

FITZPATRICK,  F.  L.,  and  HORTON,  R.  E.,  Biology 

HEGNER,  R.  W.,  Practical  Zoology 

REESE,  A.  W.,  Outlines  of  Economic  Zoology 

SEARS,  PAUL,  Deserts  on  the  March 

SMITH,  EDITH  L.,  Everyday  Science  Projects 
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Unit  Six 
Food 
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FIGURE  125.     Do  you  know  how  these  living  things  are  used 
as  food? 


FOOD 


HAVE  YOU  EVER  EATEN  any  crayfish,  sharks,  seaweed, 
or  bamboo?  Think  carefully  before  you  answer,  for 
the  chances  are  that  you  have.  Crayfish  meat  has  been 
eaten  in  Europe  for  centuries,  and  we  are  learning  to 
like  it.  Sometimes  it  is  used  instead  of  lobster  in  pre- 
paring certain  dishes.  Shark  steaks  have  been  a  favor- 
ite food  in  the  Orient  for  many  years,  and  can  be  bought 
in  some  large  American  cities.  Some  of  the  gelatin  that 
we  use  comes  from  the  fins  of  sharks. 

Young  bamboo  shoots  are  also  a  standard  food  in  the 
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Far  East.  Their  use  in  our  own  land  is  far  from  un- 
known. Certain  types  of  seaweed  yield  a  gelatin,  and 
others  go  into  a  number  of  special  soups,  and  similar 
dishes.  Irish  moss,  a  seaweed,  was  once  very  popular 
in  making  puddings.  One  could  go  on  naming  a  multi- 
tude of  strange  foods  that  are  eaten  by  people  in  this 
and  other  countries.  It  would  show  that  man  eats  a 
very  large  number  of  foods  indeed  —  some  from  plants, 
and  others  from  animals. 

Getting  an  adequate  food  supply  has  always  been  one 
of  the  great  problems  of  mankind.  Even  today  there 
are  many  places  where  food  is  scanty.  Such  great 
progress  has  been  made,  however,  that  we  now  know 
enough  about  foods  to  produce  them  in  quantity.  We 
also  have  learned  many  things  about  our  own  food 
needs. 

In  this  unit  you  will  learn  more  about  how  foods  are 


FIGURE  126.     What  is  the  story  that  these  pictures  tell? 


made  and  how  they  are  used  by  plants  and  animals. 
You  will  also  learn  more  about  the  foods  that  we  eat 
ourselves,  about  the  things  that  they  contain,  and  the 
particular  foods  that  our  bodies  need. 


Problem  A    HOW  DO   PLANTS  AND  ANIMALS 

GET     THEIR    FOODS? 

Let  us  begin  by  asking  ourselves  where  foods  come 
from.  Some  of  the  story  is  told  by  what  you  can  see  in 
Figure  126.  How  is  the  grassy  meadow  related  to  the 
cow?  What  are  some  food  products  that  we  get  from 
this  animal?  Do  the  sunlight  and  the  brook  shown 
in  the  picture  have  anything  to  do  with  the  story? 
You  can  find  the  answers  to  these  questions  in  the 
pages  that  follow. 


FIGURE  127.    A  green  plant.    Note  the  stem, 
leaves,  and  root  system. 


Problem-Question  1    HOW 

DO   GREEN  PLANTS 
GET  FOODS? 

Green  plants  cannot  eat 
solid  substances  the  way 
animals  do.  Most  of  them 
cannot  move  about  search- 
ing for  things  to  eat .  Green 
plants,  however,  can  and 
do  make  their  own  foods. 
Let  us  begin  by  examining 
a  land  plant  such  as  the  one 
shown  in  Figure  127.  No 
doubt  you  can  see  such  a 
specimen  in  the  classroom. 
You  know  that  its  roots 
grow  down  into  the  soil, 
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which  must  be  reasonably  moist  and  fertile  if  the  plant 
is  to  prosper.  You  can  see  that  the  stem  is  the  central, 
upright  part,  and  that  it  bears  the  green  leaves.  The 
stem  and  leaves  of  this  plant  grow  above  the  ground  — 
in  the  air.  The  leaves  must  be  in  contact  with  the 
sunlight  if  the  plant  is  to  live. 

Why  is  sunlight  necessary? 

At  what  time  of  the  year  do  green  plants  grow  in  greatest 
numbers?  Why? 

THE  SOURCE  OF  FOODS 

The  growing  season.  In  northern  countries,  spring  is 
the  time  of  year  when  the  plant  world  awakens  to  new 
activity.  It  is  the  beginning  of  the  growing  season. 
Buds,  and  then  leaves  appear  upon  the  trees.  Seeds 
sprout,  and  new  plants  grow.  The  air  and  the  soil  have 
become  warm  again.  Days  are  longer,  plants  are  able 
to  make  more  food,  and  growth  is  likely  to  be  rapid. 
But  what  are  the  sources  from  which  a  green  plant  gets 
food  materials  for  this  growth? 

How  green  plants  make  foods.  The  answer  is  rather 
surprising,  because  the  two  things  used  in  largest 
amounts  are  common  and  well  known:  water,  and  car- 
bon dioxide.  Most  of  the  water  is  drawn  from  the  soil 
by  roots.  Carbon  dioxide  from  the  air  enters  leaves 
through  tiny  pores  like  those  shown  in  Figure  128. 

Many  of  the  cells  of  a  green  leaf  contain  masses  of 
the  green-colored  substance  called  chlorophyll.  (See 
page  128.)  When  sunlight  falls  upon  these  green  cells, 
they  are  able  to  change  carbon  dioxide  and  water  into 
simple  sugar  and  oxygen.  The  energy  necessary  to  do 
this  comes  from  the  light.  Green  plants  use  some  of 
the  oxygen  that  is  freed  and  discharge  the  rest. 

But  it  is  the  simple  sugar  that  concerns  us  most  at  the 
moment.  It  is  the  basic  substance  from  which  the  food 
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of  all  living  things  comes.  Green  plants  change  much 
of  this  sugar  into  starch,  which  may  be  stored  in  their 
leaves,  stems,  and  other  parts.  When  you  eat  a  potato, 
for  example,  you  eat  a  lot  of  stored  starch. 

Green  plants  also  make  other  foods.  Some  of  them 
are  plant  oils  or  fats.  Others  are  proteins.  To  make 
the  latter,  plants  must  have  substances  that  contain 
nitrogen.  These  are  dissolved  in  soil  water,  and  then 
are  taken  into  the  roots  by  way  of  the  root  hairs  (see 
Figure  129). 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Examine  the  lower  side  of  a  green  leaf,  using  a 
lens.     See  if  you  can  find  any  openings.     If  a  prepared 
slide  of  a  leaf  cross-section  is  at  hand,  look  at  it  with  the 
aid  of  a  microscope.     See  if  you  can  find  any  of  the 
things  shown  in  Figure  128. 

2.  Fill  two  or  three  flower  pots  with  moist  sand,  and 
plant  some  bean  or  radish  seeds.    Place  the  pots  where 
the  young  plants  will  receive  sunlight,  and  keep  the  sand 
moist.    Observe  the  growth  of  the  seedlings.    When  the 
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FIGURE  128.  Section  of  a  leaf,  greatly  enlarged.  Note  the  tiny 
holes  on  the  lower  surface.  These  are  the  openings  through  which 
gases  may  enter  or  leave  the  leaf. 
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young  plants  are  two  or 
three  inches  in  height,  re- 
move one  of  them  from  the 
sand,  being  careful  not  to 
break  up  the  root  system. 
Wash  it  off  under  a  tap, 
place  one  or  two  rootlets 
on  a  microscope  slide,  and 
examine  them  with  a  mi- 
croscope. See  if  you  can 
find  what  is  shown  in  Fig- 
ure 129. 

3.  After  looking  up  the 
references  at  the  end  of 
this  unit,  report  upon 
green  plants  that  grow  in 
the  water,  and  how  they 
are  related  to  the  animal 
life  found  there. 


FIGURE  129.  What  you  see  here  is 
a  tiny  rootlet  of  grass,  greatly  enlarged. 
Soil  water  is  taken  in  by  the  even 
smaller  root  hairs  that  appear  upon  it. 


Problem-Question  2  w  H  A  T 

DO     ANIMALS     EAT? 

Some  foods  are  used  to 
supply  energy,  some  are 

stored,  and  others  provide  for  growth.  Unlike  plants, 
no  animal  is  able  to  get  nourishment  from  carbon  diox- 
ide and  water,  whether  it  receives  the  energy  of  sunlight 
or  not.  Since  animals  cannot  make  foods,  they  must  find 
them  in  other  ways.  No  doubt  you  have  seen  many  dif- 
ferent kinds  of  animals  eating.  We  can  also  add  to  what 
we  already  know  by  studying  the  food  habits  of  various 
small  animals  in  the  classroom.  If  you  have  an  aquar- 
ium with  a  fish  in  it,  try  dropping  a  few  cracker  crumbs 
upon  the  surface  of  the  water.  See  if  the  fish  will  eat 
them.  Put  several  grasshoppers  in  an  insect  cage  and 
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Galloway 


FIGURE  130.    A  herd  of  deer 


supply  them  with  some 
green  hay  stems.  If  you 
have  some  white  rats,  mice, 
or  a  rabbit,  see  what  foods 
they  will  accept.  Notice 
how  the  animals  eat,  as 
well  as  what  is  eaten. 

Do  all  animals  eat  the 
same  things? 

Do  all  animals  eat  in  the 
same  way? 


FOODS  OF  ANIMALS 

What  you  learn  from 
such  study,  together  with 
what  you  may  recall  about 

animals,  will  assure  you  that  the  answer  to  both  of  the 
questions  above  is  No.  Some  animals  will  only  eat  cer- 
tain things.  You  will  find,  for  instance,  that  certain  ani- 
mals in  a  terrarium  or  aquarium  are  rather  hard  to  pro- 
vide for,  while  others  do  not  appear  to  be  so  particular. 

Plant-eaters.  Figure  130  shows  some  large  animals 
that  feed  upon  plants.  To  the  same  general  group  you 
could  add  horses,  giraffes,  bison,  woodchucks,  cattle,  ele- 
phants, and  many  others, 
not  to  mention  the  smaller 
types,  such  as  grasshop- 
pers. These  animals  go 
directly  to  the  green  plants 
for  their  food. 

Flesh-eaters.  If  you  have 
visited  a  zoo  or  a  circus, 
you  may  have  seen  a  lion, 
perhaps  even  in  the  act  of 


Galloway 


FIGURE  131.     Lions 


Parasites 


Plants  and 
animals  that  eat 
dead  materials 


Animals  that 
eat  flesh 


Animals  that 
eat  plants 


GREEN  PLANTS 

(The  basic 
food  makers) 


Animals  that  eat 
plants  and  flesh 


FIGURE  132.     Food  chart  of  a  community.    See  if  by  following  the  arrows 
you  can  trace  how  the  parts  of  a  community  depend  on  each  other. 

eating.  In  any  event,  it  is  well  known  that  lions  eat  meat. 
So  do  panthers,  hyenas,  wolves,  bobcats,  hawks,  owls  — 
yes,  even  some  of  the  insects  that  prey  upon  other  insects. 
Our  tame  dogs  come  from  ancestors  that  were  flesh- 
eaters,  but  most  dogs  will  now  eat  other  foods  as  well. 

Animals  that  eat  many  kinds  of  foods.  Finally,  there 
are  some  animals  that  eat  a  wide  variety  of  both  plant 
and  animal  materials.  One  of  these  is  the  domestic  pig. 
Most  of  the  things  that  we  feed  pigs  come  from  plants, 
but  pigs  will  eat  flesh  when  they  can  get  it,  and  their  wild 
relatives  eat  many  foods.  House  mice  and  house  rats 
will  eat  almost  anything  of  plant  or  animal  origin. 
Such  animals  have  a  great  advantage,  because  they  will 
find  things  to  eat  where  others  would  starve. 

In  thinking  about  the  food  of  animals,  one  thing  in 
particular  should  be  noticed.  Some  eat  green  plants 
directly.  Some  eat  other  animals,  or  both  plants  and 
animals.  But  the  animals  eaten  either  are  plant-eaters, 
or  feed  upon  plant-eaters  themselves.  Everything, 
then,  depends  upon  the  green  plants.  They  make  the 
basic  food,  and  feed  the  world. 
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Blackington 

FIGURE  133.     A  woodpecker  FIGURE  134.     A  young  heron 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Examine  the  skulls  of  plant-eating  and  flesh-eating 
animals.     Make  a  comparison  of  the  teeth.     Find  out 
why  the  teeth  of  a  cat  or  dog  are  well  suited  to  eating 
flesh. 

2.  Compare  the  mouth  parts  of  an  insect,  such  as  a 
mosquito  (sucking  type),  with  those  of  a  grasshopper 
(chewing  type) .    Be  prepared  to  tell  what  this  examina- 


FIGURE  135.    A  hawk 


Kane 


FIGURE  136.    A  robin 


tion  shows  you  about  their  habits.  Hint:  Can  you  find 
pictures,  charts,  or  slides  which  show  these  structures? 
3.  Using  the  references  at  the  end  of  this  unit,  pre- 
pare a  report  upon  the  food  of  aquarium  animals,  to  in- 
clude fish,  crayfish,  snails,  salamanders,  and  others  that 

you  may  find  discussed. 

4.  Prepare  food  chains 
which  show  how  some  com- 
mon animals  of  your  com- 
munity are  dependent  upon 
green  plants  for  food.  Use 
arrows  to  show  what  each 
type  eats,  as  in  Figure  132. 


FIGURE  137.     Squirrel  eating  a  nut 


Kane 


Acme 


FIGURE  138.     A  snake  swallowing  its  food 


FIGURE  139.     An  anteater 


Acme 


Problem-Question  3    HOW 

DO   ANIMALS   GET 
THEIR  FOOD? 

No  doubt  you  already 
realize  that  animals  have 
various  structures  which 
are  of  use  in  getting  food. 
These  are  special  adapta- 
tions, similar  to  those 
studied  on  page  139.  Pic- 
tures or  lantern  slides  of 
various  birds  and  other 
animals,  like  those  in  Fig- 
ures 133  to  139,  will  show 
you  more  clearly  what  these 
adaptations  are. 

The  bill  of  a  hawk  is  well 
suited  to  tearing  flesh. 
That  of  a  woodpecker  is 
chisel-like,  and  is  used  to 


dig  insects  out  of  the  bark  and  wood  of  trees.  A  heron 
has  a  long,  spear-like  structure,  with  which  it  seizes  fish 
and  frogs.  The  robin's  bill  is  useful  in  getting  worms, 
insects,  and  small  fruits.  The  large  front  teeth  of  a 
squirrel  can  be  used  to  cut  through  the  shell  of  a  nut. 
An  anteater  thrusts  its  sticky,  long  tongue  into  an  ant 
colony,  and  the  ants  stick  to  it.  Snakes  are  able  to  swal- 
low their  victims  entire,  even  though  the  latter  may  be 
quite  large. 

Would  it  be  correct  to  say  that  most  of  these  animals 
must  have  a  certain  kind  of  food? 

HOW  MAN  GETS  FOOD 

Human  foods.  It  is  probably  fortunate  that  many 
animals  are  able  to  crawl,  walk,  run,  or  fly.  In  fact,  it  is 
hard  to  see  how  they  would  get  their  food  if  this  were 
not  the  case.  Man  is  no  exception  to  the  rule.  Being 
able  to  move  about,  and  to  use  his  hands  for  many  pur- 
poses, he  can  get  food  materials  from  ocean,  lake,  river, 
field,  and  forest.  He  can  also  raise  plants  and  animals, 
and  thus  assure  a  supply  of  things  to  eat.  Such  ability 
likewise  depends  upon  having  a  superior  type  of  brain. 

Preserved  foods.  Man  has  also  learned  to  preserve 
foods  and  to  keep  them  for  long  periods  of  time.  Why 
is  this  a  great  advantage?  Probably  the  oldest  method 
of  keeping  foods  is  to  dry  them  in  sunlight  or  over  a  slow 
fire.  Fish,  and  some  other  meats,  can  be  smoked  and 
salted.  Nowadays  we  also  have  the  canning  process, 
cold  storage,  and  quick  freezing,  as  ways  in  which  foods 
can  be  kept  for  days,  months,  or  years. 

The  teeth  and  foods.  Human  teeth  are  suited  to  eating 
a  wide  variety  of  foods.  Figure  140  shows  the  teeth  on 
one  side  of  a  jaw.  The  same  number  and  the  same  kind 
are  found  on  the  other  side.  Compare  them  with  the 
flesh-eating  teeth  of  a  cat  and  you  will  see  that  they  are 
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FIGURE  140.     Human  teeth 


very  different.  Neither 
are  they  like  the  teeth  of 
a  grazing  animal,  such  as 
a  cow,  horse,  or  sheep. 
Perhaps  we  could  say  that 
human  teeth  are  not  the 
best  in  the  world  for  eating 
either  plants  or  animals, 
but  that  they  can  be  used 
for  both  purposes  with  fairly  good  results. 

We  can  use  our  front  teeth  (incisors  and  canines)  to 
bite  off  foods.  Once  the  foods  are  in  our  mouths,  the 
tongue  acts  to  keep  them  between  the  molar  and  pre- 
molar  teeth  so  that  they  can  be  chewed  and  broken  up. 
Meanwhile,  some  glands  in  the  neck  region  discharge 
saliva  into  the  mouth.  This  fluid  is  mixed  with  the  food 
and  makes  it  easier  to  swallow.  You  wiU  find  later  on 
that  it  also  has  something  to  do  with  digestion. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  studying  the  references  at  the  end  of  this 
unit,  construct  models  (clay  or  soap)  of  different  types 
of  human  teeth,  or  a  chart  which  compares  human 
teeth  with  those  of  a  grazing  and  a  flesh-eating  animal. 

2.  Visit  a  zoological  park,  and  observe  the  food  hab- 
its of  some  animals.     Try  to  classify  them  according  to 
the  things  that  they  eat. 

3.  Prepare  a  chart  showing  special  food-getting  struc- 
tures (adaptations)  that  you  have  studied  in  this  problem. 

4.  Exhibit  foods  that  have  been  preserved  in  different 
ways  (that  is,  dried,  smoked  and  salted,  and  canned). 

Problem-Question  4    WHAT   DO   WE   EAT? 

Knowing  how  foods  are  made,  you  should  now  be 
able  to  understand  the  things  shown  in  Figure  126. 
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Green  plants,  supplied  with  the  energy  of  sunlight,  make 
the  basic  foods  out  of  carbon  dioxide  and  water.  We 
eat  a  large  number  of  green  plants  directly.  Other- 
wise, we  eat  animals  that  have  fed  upon  plants  or  upon 
plant-eating  animals.  In  any  case,  all  of  our  foods 
can  be  traced  back  to  the  plant  world. 

If  you  examine  a  seed  catalogue,  you  will  find  pictured 
a  great  many  different  kinds  of  plants  that  are  grown  in 
fields  and  gardens.  Some  are  purely  ornamental  types, 
and  others  make  up  a  large  part  of  our  vegetable  diet. 
In  certain  cases  we  eat  the  fruits ;  in  others,  the  seeds, 
stems,  leaves,  or  roots. 

Now  look  at  some  pictures  or  lantern  slides  which 
show  cattle,  pigs,  sheep,  chickens,  turkeys,  ducks,  geese, 
and  fish.  These  are  some  of  the  animals  that  are  com- 
monly eaten  by  man  in  most  parts  of  the  world.  Many 
of  them  are  raised  for  the  purpose,  but  you  have  learned 
that  we  still  rely  upon  nature  for  a  large  part  of  our  fish 
supply.  We  also  get  vast  quantities  of  oysters  and 
clams  from  the  sea. 

Show  the  results  of  your  study  in  tabular  form. 

Would  it  be  correct  to  say  that  man  now  raises  most  of  the 
things  that  he  eats? 

Could  we  continue  to  live  if  there  were  no  green  plants? 

FOODS  WE  EAT 

We  eat  many  different  things.  When  you  think  about 
the  things  that  we  eat,  you  soon  see  that  they  are  many 
in  number.  Some  come  directly  from  plants  and  others 
from  animals.  Some  grow  in  the  water  and  some  on 
the  land.  You  should  also  not  overlook  the  fact  that 
we  include  in  our  diets  things  that  are  neither  plants  nor 
animals.  A  good  example  is  common  salt,  which  we 
need  in  small  amounts. 

It  is  hard,  however,  to  realize  just  how  many  different 
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Sea 
Cucumber 


Lizard 


Monkey 


FIGURE  141.     Some  animals  that  are  commonly  used  as  human  food 
in  other  lands,  and  sometimes  in  our  own 


things  people  eat  until  you  study  the  food  habits  of  men 
who  live  in  all  parts  of  the  world.  As  an  example,  look 
at  Figure  141.  At  first  glance  it  may  merely  look  like  a 
group  of  animals,  but  they  all  represent  things  that 
some  men  use  as  foods.  In  fact,  most  of  them  can  be 
purchased  in  the  markets  of  some  larger  American 
cities  today.  Snails  and  squid  have  long  been  highly 
prized  by  the  Europeans.  Sea  cucumbers  are  a  staple 
food  in  the  Far  East.  Grasshoppers,  lizards,  and  mon- 
keys are  eaten  by  natives  of  some  tropical  countries. 
Probably  you  would  not  care  to  feast  upon  a  dish  of 
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monkey  stew.  The  tropical  native  who  eats  it  with 
enthusiasm  would,  however,  be  doubtful  about  things 
that  you  accept  as  natural.  Perhaps  he  would  think 
you  crazy  to  buy  a  steak  cut  from  a  piece  of  beef  that 
had  been  hung  for  six  months.  He  might  consider  a 
choice  piece  of  cheese  on  your  table  to  be  rank  and 
largely  decayed.  The  truth  is,  human  food  habits  vary 
a  good  deal  in  different  countries.  We  seek  the  foods 
that  we  have  learned  to  eat  from  childhood,  but  we  prob- 
ably could  learn  to  prefer  other  things  just  as  readily. 
When  we  try  to  describe  what  man  may  eat,  we  soon 
realize  that  it  includes  a  multitude  of  plants  and  ani- 
mals. In  any  place,  the  common  items  of  diet  are  those 
that  can  be  obtained  or  raised  in  large  quantities.  They 
are  also  likely  to  be  the  foods  that  people  have  learned 
to  eat,  because  other  people  have  done  so  before  them. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  If  you  live  in  a  large  city,  visit  a  foreign  quarter, 
and  get  a  list  of  unusual  foods  that  are  on  display  in  the 
markets. 

2.  After  examining  the  references  at  the  end  of  this 
unit,  prepare  a  report  upon  how  oysters  are  now  raised 
for  the  market. 

3.  Prepare  a  chart  which  shows  how  plants  growing 
in  the  sea  and  on  the  land  finally  give  rise  to  things  that 
we  use  as  food. 

4.  Keep  a  record  of  everything  that  you  eat  for  a 
week.    Some  foods  will,  of 

COUrse,  Contain  tWO  Or  more      FIGURE  142.     Do  you  know  which  of  these 
Substances.      At  the  end  Of  foods  contains  the  most  nourishment? 

the  week,  make  a  list  of 
the  items  from  which  the 
foods  have  come. 


ProbkmB    WHAT  SUBSTANCES  ARE  FOUND 

IN     FOODS     AND     HOW    ARE     THEY 
USED? 

In  Problem  A  you  learned  that  all  foods  can  be  traced 
back  to  green  plants.  You  found  that  they  include  a 
host  of  plant  and  animal  products  that  differ  widely  in 
appearance.  These  things  do  not  merely  look  differ- 
ent, they  really  are  different.  Some  contain  more  of 
one  substance  and  some  more  of  another.  One  may  be 
quite  nourishing  and  another  may  have  little  actual 
food  value.  Figure  142  shows  four  familiar  things  that 
we  eat.  One  of  them  is  quite  fattening,  but  the  other 
three  include  little  that  might  add  to  a  person's  weight. 
Can  you  identify  each  in  the  group? 

You  will  recall  that  the  bodies  of  plants  and  animals 
are  made  up  of  the  living  substance  called  protoplasm. 
(See  page  133.)  It  is  one  of  the  materials  that  we 
commonly  eat.  In  it  are  various  substances,  including 
proteins,  carbohydrates,  fats,  and  minerals,  sometimes 

called  nutrients.  They  are 
rarely  present  in  the  same 
amounts  in  any  two  foods. 
For  this  reason  different 
foods  do  not  look  and  taste 
alike.  Needless  to  say,  the 
value  of  a  given  food  de- 
pends largely  upon  the  nu- 
trients that  it  contains. 


Problem-Question  1  WHAT 

IS     THE     NATURE     OF 
FOOD? 

Most  of  the  foods  that 
we  use  are  made  up  of  more 


FIGURE  143.  Test  tubes  containing  cracker 
crumbs  and  water,  to  one  of  which  iodine  has 
been  added.  Can  you  see  what  has  hap- 
pened? 


than  one  nutrient.  In  studying  them  we  have  learned 
that  certain  tests  can  be  used  to  show  whether  or  not  a 
given  substance  is  present.  Among  these  is  the  iodine 
test  for  starch. 

To  try  this  test,  put  a  ground-up  cracker  in  a  test 
tube,  and  add  water  until  the  cracker  dust  is  wet.  (See 
Figure  143.)  Then  put  some  iodine  solution  in  the  tube, 
drop  by  drop.  As  the  iodine  solution  comes  in  contact 
with  the  wet  cracker  particles,  a  bluish-black  color  will 
appear.  This  will  spread  rapidly  through  the  contents  of 
the  test  tube.  Careful  experiments  have  shown  that  this 
color  develops  only  when  the  food  tested  with  iodine 
solution  contains  starch. 

In  what  way  are  such  tests  of  value? 

Would  it  be  possible  for  the  cracker  to  contain  other 
things  in  addition  to  starch? 

FOOD  SUBSTANCES 

Carbohydrates.  Another  food  in  common  use  is  sugar. 
Starch  and  sugar  are  refined  foods  as  they  come  to  us 
from  the  grocer.  This  means  that  they  have  been  ex- 
tracted in  pure  form  from  the  plants  that  produced 
them.  They  are  also  found,  however,  as  parts  of  most 
things  that  we  eat,  such  as  potatoes,  beans,  bread,  and 
milk.  Starches  and  sugars  are  called  carbohydrate  foods. 

Proteins.  Proteins  are  also  present  in  much  of  our 
daily  fare.  Lean  meat  (including  fish)  is  largely  pro- 
tein. So  are  eggs.  Vegetables,  milk,  and  even  fruits 
contain  these  nutrients,  but  usually  in  lesser  amounts. 
Peas  and  beans  are  examples  of  vegetables  that  have 
rather  high  protein  content. 

Fats.  Fats  are  represented  in  our  diets  by  the  com- 
mon animal  fats,  such  as  those  that  come  from  cattle 
and  pigs,  and  by  the  plant  oils.  They,  too,  are  found  in 
all  non-refined  foods,  although  sometimes  only  very 
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FIGURE  144.     The  carbohydrate,  protein,  fat,  and  water  content  of  milk, 
beef,  pork,  and  an  apple  (percentages) 


small  amounts  are  in  evidence.  If  you  look  at  Figure 
144  carefully,  you  may  see  how  the  nutrient  content 
varies  among  different  foods.  This  fact  makes  it  pos- 
sible to  plan  diets  which  contain  more  or  less  of  a  certain 
nutrient,  depending  upon  what  is  wanted. 

Diets.  To  show  how  this  works  out,  consider  the  case 
of  a  fat  person  who  wishes  to  lose  weight.  His  doctor 
may  recommend  a  certain  diet.  Most  of  the  things  in 
it  probably  will  contain  only  small  amounts  of  fats  and 
carbohydrates,  because  these  are  fattening  nutrients. 
Such  a  diet  must,  however,  provide  for  the  body's  needs. 
This  is  why  it  should  be  planned  by  the  doctor. 

Minerals  and  water.  Most  of  our  edible  substances 
also  contain  minerals  of  one  kind  and  another.  Some 
of  these  are  needed  by  the  human  body,  just  as  they  are 
necessary  to  the  green  plant,  the  cow,  or  the  chicken. 
It  should  also  be  remembered  that  a  good  deal  of  any 
living  substance,  and  therefore  any  food,  is  composed  of 
water.  This  amount  of  mineral  and  water  varies  in 
different  foods,  as  will  be  seen  when  you  compare  the 
items  shown  in  Figure  145.  You  may  think  that  some 
of  the  things  shown  there  seem  rather  solid  to  contain  so 
much  water.  If  so,  remember  that  this  liquid  makes  up 
over  two  thirds  of  your  own  body. 
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FIGURE  145.    The  mineral  content  of  milk,  lettuce,  an  egg,  and  a  potato 

(percentages) 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Test  some  other  foods  for  the  presence  of  starch. 
Try  putting  a  few  drops  of  iodine  solution  on  a  slice  of 
raw  potato,  on  some  bread  crumbs,  and  in  some  sugar 
water.     (Note:  remember  that  sugar  is  a  refined  food, 
and  should  not  contain  any  starch.) 

2.  Butter  and  lard  contain  relatively  large  amounts 
of  fat.     Smear  the  surface  of  a  piece  of  ordinary  white 
paper  with  one  of  them.     Note  the  glazed  effect.     Now 
see  if  you  get  the  same  results  with  wet  starch,  wet 
sugar,  or  egg  white. 

3.  Plant  oils  often  burn  readily.     Hold  hah0  of  an 
English  walnut  kernel  or  a  peanut  with  a  pair  of  long  for- 
ceps.  Light  it  with  a  match  and  see  how  long  it  will  burn. 

4.  Consult  the  references  at  the  end  of  this  unit ;  pre- 
pare a  chart  showing  common  foods  high  in  their  con- 
tent of  (a)  proteins,  (fe)  carbohydrates,  and  (c)  fats. 

Problem-Question  2    WHAT   ARE   VITAMINS? 

You  now  know  that  the  human  body  needs  a  number 
of  food  substances.  They  include  proteins,  carbohy- 
drates, fats,  and  minerals.  This,  however,  is  not  all  of 
the  story.  You  recall  how  sailors  in  the  old  days  suf- 
fered from  scurvy.  (See  page  5.)  Among  other 
things,  their  teeth  became  loose  and  their  gums  sore. 
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FIGURE  146.  The  animals  on  the  left  are  suffering  from  lack  of  vita- 
mins. They  are  shown  on  the  right  after  the  proper  amount  of  vitamins 
had  been  fed  them.  (Courtesy  of  E.  R.  Squibb  &  Sons) 


Then  it  was  found  that  no  scurvy  appeared  if  the  men 
got  fresh  fruit  to  eat  or  the  juice  of  limes  to  drink. 

Vitamin  C.  What  protected  the  sailors?  We  now 
know  that  the  answer  is  a  vitamin',  in  this  case,  Vitamin 
C.  It  is  really  present  in  only  small  quantity,  when 
compared  with  other  things,  but  it  is  a  substance  that 
the  body  must  have.  Fresh  vegetables  and  fresh  meat 
also  contain  Vitamin  C. 

We  have  also  learned  that  there  are  other  vitamins  — 
all  of  greater  or  lesser  importance  to  us.  Can  you  tell 
in  words  the  story  told  by  the  pictures  on  page  172? 
Study  Figure  147  on  page  174.  Do  you  commonly  eat 
all  these  foods?  What  can  happen  when  not  enough 
vitamins  are  present  in  foods  that  we  eat  ?  You  may  find 
pictures  that  indicate  the  improvement  that  is  shown 
when  the  right  vitamins  are  added  to  the  diet. 

Do  you  see  one  reason  why  a  person  may  be  well  fed,  but 
poorly  nourished? 

THE  VITAMINS 

Vitamin  A.  Among  the  well-known  vitamins  are 
A,  B,  C,  and  D.  Each  of  these  is  present  in  a  number 
of  foods.  Actually,  only  a  very  small  amount  may  be 
there,  but  what  a  difference  this  makes!  Vitamin  A  is 
well  represented  in  carrots,  butter,  egg  yolks,  halibut 
and  shark  livers,  and  leafy  vegetables.  When  the  body 
lacks  this  substance,  a  diseased  condition  of  the  skin 
and  eyes  is  developed.  It  is  thought  that  there  may 
also  be  lowered  resistance  to  common  colds. 

The  B  vitamins.  Vitamin  B  is  really  a  collection  of 
several  things,  some  of  which  are  now  referred  to  as 
Bi,  B2,  and  so  on.  Foods  that  contain  rather  large 
amounts  of  Vitamin  B  are  rice  husks,  wheat,  other 
cereals,  liver,  milk,  and  eggs.  Scientists  got  on  the 
trail  of  the  subject  by  studying  the  Oriental  disease 
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FIGURE  147 


beri-beri.  This  disease  of  the  nervous  system  was 
found  to  develop  when  people  lived  largely  upon  a  diet 
of  polished  rice  (rice  from  which  the  husks  had  been 
removed).  The  necessary  vitamin  was  in  the  husks, 
but  not  in  the  white  rice  grains.  More  recently,  it  has 
been  found  that  one  part  of  Vitamin  B  prevents  pellagra 
—  a  common  affliction  in  some  parts  of  our  own  coun- 
try. Vitamin  BI  has  been  used  successfully  in  treating 
certain  ailments  of  the  nervous  system. 

Vitamin  D.  Vitamin  D  is  found  in  egg  yolks,  fish-liver 
oils,  coconut  oil,  and  milk.  It  can  also  be  supplied  to  some 
foods  by  placing  them  in  a  special  light  called  ultra-violet. 
Children  with  a  certain  blood  condition  who  do  not 
get  enough  Vitamin  D,  or  sunlight,  may  develop  what 
is  known  as  rickets.  This  state  results  from  the  fact 
that  the  body  cannot  use  minerals  in  a  normal  way,  and 
that  the  bones  fail  to  harden  as  they  should.  Enough 
Vitamin  D  in  the  diet  will  tend  to  prevent  rickets. 
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Most  people  probably  do  not  need  to  worry  about  vi- 
tamins, provided  they  follow  their  physician's  advice 
and  eat  a  variety  of  the  protective  foods.  One  of  these 
is  milk,  which  is  remarkable  because  it  appears  to  con- 
tain all  of  the  vitamins.  Other  protective  foods  include 
fresh  fruits,  vegetables,  eggs,  meat,  and  fish.  In  general, 
it  probably  is  a  good  idea  to  eat  a  variety  of  different 
foods  so  that  if  one  of  them  fails  to  supply  what  is 
needed,  another  may.  The  doctor's  advice  is  also 
desirable.  People  are  not  all  alike  —  some  need  more 
of  one  vitamin  than  of  another. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  looking  up  the  references  at  the  end  of  this 
unit,  prepare  a  report  on  pellagra  —  its  causes,  and  how 
it  can  be  prevented  or  cured. 

2.  After  reading  the  references,  report  upon  some  of 
the  things  being  done  with  Vitamin  BI  in  the  business 
of  raising  plants.    Find  out  if  any  of  the  B  vitamins  can 
now  be  made  in  the  laboratory. 

3.  Prepare  a  chart  which  lists  (a)  the  vitamins,  (b)  the 
diseases  or  conditions  that  result  from  their  absence  in 
the  diet,  and  (c)  the  foods  which  contain  them. 

4.  Collect  and  exhibit  various  substances,  such  as 
vitamin  tablets,  and  capsules  containing  vitamin  oils. 
Compare  the  cost  and  vitamin  content  of  these  items. 


Problem-QuestionS    HOW  DO  PLANTS   AND   ANI- 
MALS USE   FOODS? 

Having  learned  what  foods  are  needed  by  the  body, 
let  us  now  see  how  they  are  used.  In  studying  the  unit 
on  living  things,  you  found  that  plants  and  animals  are 
composed  of  cells.  So  is  the  human  body.  Look  back 
at  the  pictures  of  human  cells  shown  in  Figure  110  on 
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page  131.  It  may  also  be 
interesting  to  try  the  fol- 
lowing experiment. 

Run  the  tip  of  a  clean  fin- 
ger over  the  inside  surface 
of  your  cheek.  It  is  lined 

FIGURE  148.      Cells  from  the  lining          .   ,  ,  ,  r       11 

of  the  human  mouth  With  Several  layers  of  Cells, 

and  some  of  them  are  always 

breaking  free.  Now  smear  the  surface  of  a  glass  slide 
with  the  moist  fingertip,  add  a  drop  of  water,  and  cover 
with  a  cover  glass  (to  prevent  rapid  drying) .  Focus  upon 
the  slide  with  the  low  power  of  a  microscope  and  you  will 
see  many  flat,  circular  cells  like  those  shown  in  Figure  148. 

Since  these  cells  are  being  lost  from  the  inside  of  the 
mouth  all  the  time,  they  must  be  replaced  in  some  way. 

What  provides  for  growth  and  repair  of  such  cells? 

ENERGY,  GROWTH,  AND  REPAIR 

Foods  provide  materials  for  growth  and  repair.  The 
answer  to  the  question  above  tells  part  of  the  story  of 
what  plants  and  animals  do  with  foods.  The  general 
nature  of  this  story  is  the  same,  whether  we  are  talking 
about  the  human  body,  a  dog,  or  an  elm  tree.  In  early 
life  more  and  more  cells  are  being  formed  as  the  plant 
or  the  animal  grows.  Foods,  and  especially  the  proteins 
in  foods,  provide  the  material  from  which  they  are  built. 
As  a  plant  or  an  animal  approaches  full  size,  the  rate  at 
which  new  cells  are  formed  slows  down.  But  food  sub- 
stances are  still  needed  to  repair  or  replace  old  ones  that 
have  become  worn  out.  The  cells  that  you  remove 
from  the  lining  of  your  cheek  have  become  old,  and  are 
being  replaced  by  new  cells  that  grow  beneath  them. 
Similarly,  new  cells  must  be  formed  when  a  cut  or  a 
scratch  heals.  The  needed  materials  come  from  foods 
that  you  have  eaten  and  digested. 
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Foods  provide  energy.  Another  reason  why  both 
plants  and  animals  —  and  man  too  —  must  have  a 
fairly  constant  supply  of  foods,  is  that  they  supply  the 
energy  needed  to  do  the  work  of  the  body.  When  you 
run,  or  walk,  or  move  a  finger,  muscle  cells  in  various 
parts  of  the  body  do  work.  They  can  keep  it  up  for  a 
long  time,  but  sooner  or  later  they  must  have  new  sup- 
plies of  the  substances  that  come  from  foods.  Energy 
is  likewise  needed  to  keep  your  heart  beating,  your  lungs 
working,  and  for  the  many  things  that  other  parts  of 
your  body  must  do.  The  nutrients  commonly  used  for 
such  purposes  in  the  human  body  are  the  carbohydrates 
and  fats. 

Oxygen-carbon-dioxide  cycle.  Before  leaving  this 
subject,  there  is  one  other  fact  you  should  know.  It  has 
to  do  with  oxygen  and  carbon  dioxide.  Scientists  have 
learned  that  oxygen  is  used  in  the  cells  of  a  plant  or  ani- 
mal in  somewhat  the  same  way  that  it  is  used  when  fires 
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burn.  It  is  from  the  slow  burning  of  the  cell  materials 
that  the  energy  for  doing  the  work  of  the  cell  is  ob- 
tained. Either  slow  or  fast  burning  is  called  oxidation. 
You  have  seen  that  carbon  dioxide  is  given  off  when 
fuels  burn.  (See  page  36.)  It  is  also  given  off  when 
materials  in  a  cell  are  oxidized.  Animals  discharge 
carbon  dioxide  as  a  waste  product.  Active  green 
plants  set  free  more  oxygen  in  making  foods  than  they 
can  use.  So,  as  shown  in  Figure  149,  the  oxygen  set 
free  by  green  plants  is  used  by  animals,  and  the  carbon 
dioxide  thrown  off  by  animals  can  be  used  by  green 
plants.  Sometimes  this  exchange  of  gases  is  called  the 
oxygen-carbon-dioxide  cycle. 

How  would  you  now  answer  the  question :   What  sub- 
stances are  found  in  foods  and  how  are  they  used? 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Study  a  chart  of  the  human  digestive  system,  and 
learn  where  foods  are  digested,  and  where  they  are 
absorbed. 

2.  Prepare  a  large  chart  of  the  oxygen-carbon-dioxide 
cycle.     Show  several  plants  and  animals  in  it. 


REVIEW  QUESTIONS 

1.  What  materials  are  used  by  a  green  plant  in  making  foods? 
What  supplies  the  energy  for  this  process? 

2.  Why  is  simple  sugar  called  the  "  basic  food  "  of  all  living  things? 

3.  What  are  some  animals  that  eat  plants?     Other  animals? 
Both  plants  and  animals? 

4.  How  are  the  mouth  parts  of  animals  related  to  the  type  of  food 
that  they  eat? 

5.  Do  all  human  foods  have  about  the  same  nourishment  value? 

6.  What  are  the  nutrients  that  are  contained  in  foods? 

7.  What  disease  develops  when  the  diet  is  deficient  in  Vitamin  D? 

8.  Why  is  Vitamin  B  important  in  our  lives? 
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9.  Why  may  it  be  unsafe  to  eat  only  a  few  foods? 

10.  What  nutrient  is  most  important  for  purposes  of  developing 
and  repairing  cells? 

11.  What  uses  does  the  human  body  make  of  fats  and  carbohy- 
drates? 

12.  What  is  meant  by  the  oxygen-carbon-dioxide  cycle? 

TEST  ON  THE  UNIT 

Do  not  write  in  this  book 

A.  John  Doe  was  very  fat.    He  went  to  see  his  doctor  about  the 
matter,  and  the  doctor  wrote  out  a  diet  for  John  to  follow.     His 
wife,  Mary  Doe,  was  not  really  overweight,  but  she  decided  to  go 
on  the  diet  too. 

1.  Why  was  Mary  Doe's  decision  to  go  on  the  same  diet  danger- 
ous? 

2.  Why  was  the  decision  unscientific? 

(Hint:  Do  all  people  need  the  same  nutrients,  and  in  the  same 
amounts?) 

B.  Number  from  1  to  5  on  a  sheet  of  paper,  and  after  reading 
each  item  carefully,  indicate  whether  the  corresponding  statement 
is  True  or  False. 

1.  Without  sunlight,  the  green  plants  of  our  fields  and  forests 
could  not  grow. 

2.  Chlorophyll  is  a  substance  that  is  commonly  found  in  animal 
bodies. 

3.  The  teeth  or  other  eating  structures  that  an  animal  has  indi- 
cate what  sort  of  foods  it  eats. 

4.  There  is  some  possible  advantage  to  an  animal  in  being  able  to 
eat  a  wide  variety  of  food  materials. 

5.  The  vitamin  needs  of  all  human  individuals  are  practically  the 
same. 


SOME  BOOKS  YOU  MAY  CARE  TO  READ 

FrrzpATRicK,  F.  L.,  and  HORTON,  R.  E.,  Biology 

FURNAS,  C.  C.,  and  FURNAS,  S.  M.,  Man,  Bread,  and  Destiny 

GREGORY,  JENNY,  A  B  C  of  Vitamins 

HORTON,  R.  E.,  Modern  Everyday  Chemistry 

ROCKWELL,  F.  F.,  and  GRAYSON,  ESTHER,  Gardening  Indoors 

VERRILL,  A.  H.,  Foods  America  Gave  the  World 


Unit  Seven 

Energy  and  the  Sun 


Lambert 


ENERGY  AND  THE  SUN 


YOU  HEAR  YOUR  FRIENDS 

speak  about  hard  work  and 
easy  work,  and  you  talk 
about  work  and  play. 
Look  at  the  picture  on  page 
180  and  those  in  Figuresl50 
and  151  to  see  if  you  think 
any  of  the  persons  are  doing 
work.  Don't  be  surprised 
later  if  you  find  that  some 
of  the  answers  you  give 
now  do  not  agree  with 
those  of  a  scientist.  If 
you  do  disagree,  you  will 
find  that  it  is  not  because 
you  and  he  think  differ- 
ently, but  because  you  and 
he  have  different  meanings 
for  the  word  "work." 

In  this  unit  you  will 
study  various  kinds  of 
work  and  the  ways  in  which 
they  are  done.  You  will 
find  that  many  things  are 
done  by  the  work  of  mus- 
cles alone.  In  other  cases 
we  use  machines  to  do 
things  with  greater  ease, 
or  to  do  them  better  and 
more  quickly. 
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FIGURE  150.      The  player  is  using  many 
muscles,  but  is  he  doing  work? 

FIGURE  151.     Is  the  girl  doing  work  now? 

Roberts 


Problem  A    WHAT  is  WORK  AND  HOW  is  IT 
DONE? 

In  ordinary  language  you  do  work  whenever  you 
push  or  pull  upon  something.  It  is  hard  work  to  climb 
a  tall  tree  or  to  carry  a  heavy  load.  But  no  matter  how 
hard  you  push  or  pull  upon  an  object,  a  scientist  would 
not  call  it  work  unless  you  moved  the  object  It  may  be 
tiresome  to  stand  still  and  hold  a  pail  full  of  water,  but 
a  scientist  would  not  call  it  work.  While  you  were  lift- 
ing the  pail  you  were  doing  work,  but  as  soon  as  you 
stopped  moving  the  pail  you  ceased  to  do  so. 

Thus,  almost  everything  you  do  is  work,  because  you 
are  generally  pushing  or  pulling  upon  something  and 
causing  it  to  move.  Swimming  may  be  fun,  but  it  is 
work,  too.  Are  you  not  pushing  against  the  water  and 
moving  both  your  body  and  the  water?  When  you 
write,  you  are  pushing  and  pulling  a  pen;  when  you 
wink,  you  are  lifting  your  eyelids;  when  you  breathe, 
you  lift  your  chest.  Your  play  is  one  push  or  pull 
after  another.  It  is  even  work  to  eat.  To  under- 
stand more  about  this  subject,  you  will  need  to  know 
more  about  the  pushes  and  pulls  that  cause  the  motion 
of  objects.  Pushes  and  pulls  are  called  forces. 

Problem-Question  1    WHAT    is    THE    MOST    COM- 
MON PULL? 

If  you  relax  your  muscles,  your  arms  will  hang  down 
and  you  can  feel  a  pull  in  your  shoulders.  When  an 
object  is  hung  up  by  a  cord,  it  pulls  down  upon  the  cord. 
If  it  is  hung  by  a  rubber  band,  you  can  see  that  it 
stretches  the  band.  If  you  hold  the  object  in  your 
hand,  you  can  feel  a  pull  toward  the  earth.  This  pull 
of  the  earth  upon  all  objects  is  called  the  force  of  gravity. 
The  amount  of  the  pull  of  the  earth  upon  an  object  is  its 
weight. 
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The  weight  of  an  object  can  easily  be  found  by  using 
a  coiled  spring.  If  you  hang  one  book  on  the  spring,  it 
will  stretch  the  spring,  and  if  you  use  two  copies  of  the 
same  book,  you  will  probably  find  that  the  spring  is 
stretched  twice  as  far.  (See  Figure  152.) 

If  you  remove  the  books  from  the  spring  and  hang  a 
stone  upon  it,  the  spring  will  again  be  stretched.  If  it 
is  stretched  three  times  as  far  as  it  was  by  one  book,  the 
stone  weighs  three  "  books."  Of  course,  you  know  that 
things  are  not  weighed  in  " books,"  but  in  pounds. 

How  does  this  experiment  show  the  force  of  gravity? 

GRAVITY 

Why  are  things  weighed  in  "pounds"?  Long  ago 
an  English  king  decided  that  he  would  have  all  his 
people  weigh  things  in  the  same  way.  So  he  had  a  piece 
of  gold  made  into  a  weight.  After  it  was  made  he  called 

FIGURE  152.     Double  the  weight,  double  the  stretch 


it  a  "  pound,"  and  ordered  it  locked  up  for  safe-keeping. 
He  then  ordered  everyone  to  weigh  things  with  cheap 
copies  of  this  weight,  which  were  just  as  heavy.  So 
now,  centuries  later,  we  still  weigh  most  things  in 
pounds.  And  when  we  weigh  anything,  we  are  really 
measuring  the  pull  of  the  earth  upon  it. 

Every  time  you  lift  anything,  you  have  to  "overcome 
the  force  of  gravity";  that  is,  you  have  to  pull  harder 
upward  than  the  earth  is  pulling  downward.  When  you 
climb  stairs,  you  lift  your  body ;  you  are  doing  work.  A 
ballplayer  lifts  his  arms  and  legs  when  he  throws  the 
ball,  and  when  he  bends  over  to  pick  up  a  ball,  he  lifts 
not  only  the  ball  but  most  of  his  body.  He  is  working, 
therefore,  even  when  he  is  playing  a  game. 

Of  course,  much  work  is  done  by  pushing  and  pulling 
on  things  rather  than  lifting  them.  When  you  mow  a 
lawn,  you  push  the  mower  which  cuts  the  grass.  The 
skier  on  page  180  is  not  only  pushing  the  air,  but  throw- 
ing up  a  cloud  of  snow.  The  diver  in  Figure  151  is 
pushing  the  air  out  of  her  path  just  as  she  will  soon  be 
pushing  the  water.  Both  persons  are  doing  some  work. 
It  may  not  be  useful,  but  it  is  work. 

To  return  to  our  problem-question,  what  have  you 
learned  to  be  the  most  common  pull?  It  is  the  pull  of 
the  earth  upon  everything.  Anything  that  has  weight 
is  being  pulled  by  the  earth.  You  have  learned  in 
the  units  you  have  already  studied  that  all  real  sub- 
stances have  weight  —  air,  water,  earth,  rocks,  clouds, 
plants  and  animals.  All  are  acted  on  by  the  force  of 
gravity. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  See  if  heavy  objects  fall  faster  than  light  ones  of 
the  same  size  and  shape.  Use  two  similar  rubber  balls, 
such  as  the  return  balls  fastened  to  elastic  cords  that 
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children  play  with.  You  can  make  one  heavier  than 
the  other  by  filling  it  with  water.  To  do  this,  squeeze 
the  air  out  of  the  ball  and  hold  it  under  water.  You 
know  that  air  pressure  will  do  the  rest. 

Drop  the  balls  from  various  heights  and  see  if  they 
both  strike  the  floor  at  the  same  time. 

Even  though  you  find  no  difference  in  how  fast  they 
fall,  why  would  it  be  unscientific  for  you  to  make  the 
statement  that  all  objects  of  the  same  size  and  shape 
fall  at  the  same  speed  no  matter  what  they  weigh? 

Hint:  You  probably  dropped  the  balls  only  a  few  feet. 
Might  there  not  have  been  just  a  little  difference  in  their 
speeds  which  might  show  up  if  they  were  dropped  fifty 
feet,  or  one  hundred  feet? 

2.  Measure  the  pull  of  the  earth  upon  various  objects 
by  weighing  them.  Include  two  of  the  same  size  but 
of  different  material.  Upon  which  of  the  objects  that 
you  try  is  the  earth's  pull  the  greatest?  In  other  words, 
which  weighs  the  most? 


Problem-Question  2    CAN  ANYTHING  START 

MOVING    BY     ITSELF? 

You  know  that  pushes  and  pulls  will  move  objects, 
but  do  you  know  whether  an  object  at  rest  can  start 
moving  of  itself? 

You  may  have  heard  a  door  slam  when  no  one  was 
near  it.  You  probably  thought  nothing  of  it  because 
you  know  winds  sometimes  move  doors.  A  lake  may  be 
as  smooth  as  glass,  and  in  a  few  minutes  waves  are 
rolling  on  the  shore  and  the  water  is  covered  with 
"whitecaps."  Of  course,  the  wind  did  it.  You  can 
usually  tell  what  starts  things  moving. 

You  may  be  alone,  however,  in  a  quiet  room  when  a 
picture  crashes  to  the  floor  or  an  object  rolls  off  a  shelf. 
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FIGUBE  153.    The  pail  is  free  to  move  sideways. 


If  you  can  see  no  reason 
why  the  objects  moved, 
you  may  say:  "They  did 
it  themselves."  But  may 
not  a  heavy  truck  have 
lumbered  by  the  house 
without  your  noticing  it 
and  shaken  the  objects 
loose?  Or  may  not  some- 
one have  walked  across  the 
floor  of  another  room  and 
started  vibrations? 

On  the  other  hand,  you 
may  have  hidden  some- 
thing and  found  later  that 
it  was  exactly  where  you 
put  it,  not  having  moved 
at  all.  It  looks  as  if  ob- 
jects remain  quiet  unless  something  moves  them. 

One  of  the  best  ways  to  see  how  a  still  object  behaves 
is  to  try  to  start  it  suddenly.  Hang  a  pail  of  water  or 
sand  from  a  cord  so  that  it  can  move  freely.  Using  only 
your  little  finger,  push  gently  and  slowly  against  the 
pail  and  see  how  easily  it  can  be  moved.  Now  tie 
around  the  pail  a  cotton  string,  such  as  grocers  use,  as 
shown  in  Figure  153.  Tie  it  as  tightly  as  possible  and 
then  try  to  move  the  pail  by  giving  the  string  a  very 
sudden  jerk.  If  you  jerk  it  hard  enough,  the  string  will 
probably  snap. 

Did  the  pail  appear  to  move  when  the  string  snapped? 

FORCE  IS  NEEDED  TO  MOVE  OBJECTS 

Your  experiment  gives  some  proof  that  a  small  force 
will  start  a  body  that  is  free  to  move  if  you  give  it  time, 
but  that  it  takes  a  large  force  to  move  it  quickly.  Hun- 
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FIGURE  154 

dreds  of  other  experiments  have  shown  that  it  requires  a 
force  to  start  an  object  moving,  and  that  the  quicker  it 
is  started,  the  more  force  is  needed. 

Light  objects  as  well  as  heavy  objects  resist  being  moved. 
You  know  how  easily  you  can  move  a  rather  large 
stone  out  of  your  path  with  your  foot  if  you  take  your 
time,  and  you  probably  remember  what  happens  if  you 
kick  it.  It  seems  to  kick  back,  and  moves  but  little. 
However,  a  thing  does  not  have  to  be  heavy  in  order  to 
resist  being  moved  rapidly.  For  example,  a  rifle  bullet 
can  pass  through  an  empty  tin  can  resting  on  a  board 
more  easily  than  it  can  move  the  can  out  of  its  path. 
The  can  behaves  as  if  it  were  nailed  to  the  board.  Of 
course,  you  could  move  the  can  with  a  feather  if  you 
took  enough  time  to  do  so. 

Drivers  of  automobiles,  buses,  and  trucks  are  sure 
that  it  requires  great  force  to  start  their  cars.  They 
use  much  more  gasoline  when  they  have  to  do  "stop- 
and-go"  driving  than  when  they  are  speeding  along  a 
highway.  About  one  quarter  of  the  gasoline  needed  in 
city  driving  is  used  to  start  cars  and  regain  driving 
speed. 

Scientists  have  a  way  of  expressing  what  they  have 
found  to  be  true  about  things  that  are  at  rest.  They 
say:  A  body  at  rest  tends  to  remain  at  rest. 
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SOMETHING  YOU  MAY  CARE  TO  DO 

Learn  to  do  the  trick  shown  in  Figure  154.  Start 
with  a  small  smooth  card  like  a  visiting  card.  For  the 
coin  use  a  five-cent  piece.  It  requires  more  skill  to  use 
a  card  as  large  as  that  shown  in  the  picture.  The 
quicker  you  snap  the  card,  the  better  for  this  experi- 
ment. If  you  are  successful,  you  have  shown  that  the 
coin  tends  to  remain  at  rest. 


Problem-Question  3    is      A      FORCE      ALWAYS 

NEEDED    TO    STOP    A    MOV- 
ING    OBJECT? 

No  experiment  is  needed  to  show  you  that  a  rapidly 
moving  object  is  hard  to  stop.  You  know  how  hard  it 
is  to  stop  your  own  body  suddenly  if  you  are  running. 
Few  automobiles  would  crash  into  trees  and  fences  if 
they  were  easily  halted.  You  may  have  been  thrown 
forward  in  a  car  when  the  brakes  were  suddenly  ap- 
plied. It  seemed  as  if  your  body  was  trying  to  keep  on 
going  forward  even  if  the  car  was  not. 

Sometimes  it  may  appear  that  moving  objects  stop 
by  themselves.  If  you  roll  a  ball  down  the  center  of  a 
pavement,  it  will  finally  come  to  rest.  If  you  are  coast- 
ing downhill,  you  stop  at  last  without  trying  to  do  so. 
Or  if  while  swinging  you  do  not  keep  the  swing  moving, 
it  will  slowly  come  to  rest  without  your  using  any  force 
upon  it.  But  even  in  these  cases  do  the  objects  stop 
moving  unless  there  is  some  force  used? 

Over  two  hundred  years  ago  the  great  scientist,  Sir 
Isaac  Newton,  said  that  everything  in  motion  remains 
in  motion  unless  acted  on  by  some  force.  Men  made 
fun  of  this  idea,  but  scientists  have  found  it  to  be  true. 
What,  then,  stops  the  ball's  rolling  and  the  motion  of 
the  swing?  Before  trying  to  find  out  by  experiment,  see 
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if  you  remember  anything  like  the  following:  You  are 
pulling  a  sled  easily  over  the  snow  when  it  suddenly 
becomes  hard  to  pull,  and  you  see  at  once  that  the  sled 
has  struck  bare  ground.  The  ground  resists  the  motion 
of  the  sled ;  in  other  words,  it  holds  it  back.  The  hold- 
ing back,  or  resistance,  to  the  motion  of  one  thing  pass- 
ing over  another  is  called  friction.  Do  you  think  fric- 
tion can  have  been  the  force  that  stopped  the  motion  of 
the  ball  and  of  the  swing? 

To  study  this  topic  you  should  move  objects  over  a 
level  surface  so  that  you  do  not  use  any  force  in  lifting 
them.  First  push  a  smooth  block  of  wood  over  a 
polished  surface  and  then  push  it  over  a  sheet  of  sand- 
paper. Plainly  friction  is  less  between  smooth  objects 
than  between  rough  ones. 

Because  the  friction  between  smooth  ice  and  the 
smooth  steel  runners  of  skates  is  so  little,  a  skater  can 
glide  and  skim  swiftly. 

Why  can  he  not  skate  so  swiftly  if  the  ice  is  rough  or 
if  his  skates  are  nicked? 

REDUCING  FRICTION 

Oiling  and  greasing.  Friction  between  one  metal 
part  and  another  may  be  harmful.  It  not  only  causes 
the  parts  to  wear  out,  but  it  often  makes  them  hot. 
To  reduce  the  friction  in  machines,  men  first  make  the 
parts  that  rest  against  each  other  as  smooth  as  possible 
and  then  grease  or  oil  them.  Oiling  or  greasing  is 
called  lubricating.  Without  lubricating  oil  an  automo- 
bile would  be  ruined  in  a  few  hours'  use.  No  wonder 
that  lubricating  oil  is  one  of  a  nation's  most  valuable 
substances. 

Bearings.  Lubrication  is  one  way  of  reducing  fric- 
tion. Another  way  is  shown  by  the  following  experi- 
ment: First  push  a  book  along  a  table  top,  and  then 
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place  it  upon  pencils  or  marbles  as  shown  in  Figure  155. 
Push  the  book  gently,  and  note  whether  the  rollers  help 
it  to  move  more  easily. 

Because  it  is  easier  to  move  an  object  on  rollers  or 
balls  than  it  is  to  slide  it,  we  say  that  rolling  friction  is 
less  than  sliding  friction.  You  can  go  much  faster  on 
roller  skates  than  you  could  slide  along  without  them 
because  the  rolling  friction  between  them  and  the  pave- 
ment is  so  small.  If  the  skates  have  ball  bearings  in  the 
wheels,  friction  is  further  reduced,  and  it  may  be  less- 
ened still  more  by  oiling  the  bearings.  (See  Figure 
156.) 

Even  air  and  water  oppose  the  motion  of  objects  mov- 
ing through  them.  There 
is  some  friction  between 
a  moving  baseball  and  the 
air,  and  between  a  canoe 
and  the  water. 

Do  you  see  two  reasons 
why  a  rolling  ball  will  come 
to  rest? 

Why  is  it  necessary  for 
a  man  who  is  paddling 
a  canoe  to  keep  on  pad- 
dling after  he  has  given 
the  canoe  a  good  start? 
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FIGURE  156.     The  balls  roll  when 
the  wheels  turn. 


SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Look  up  the  story  of  Sir  Isaac  Newton,  and  report 
some  of  his  achievements  in  science. 

2.  Show  that  four-wheel  brakes  are  better  than  two- 
wheel  brakes.     Place  a  toy  cart  on  a  piece  of  window 
glass.     Load  it  with  a  heavy  substance.     Attach  a  coil 
spring  made  of  fine  wire  to  the  cart.    First  pull  the  cart 
slowly  along  the  glass,  and  then  fasten  the  two  rear 
wheels  so  that  they  will  not  turn,   and  pull  again. 
Fasten  the  front  wheels  also  and  try  pulling.     You 
probably  can  feel  the  difference  in  the  amount  of  fric- 
tion, but  a  more  accurate  way  of  telling  is  by  observing 
how  much  the  spring  stretches  in  each  case. 

3.  Make  a  report  on  Friction  and  the  Automobile. 
Include  something  about  friction  and  brakes,   tires, 
wheels,  and  the  meaning  of  streamlining  and  how  it  is 
done.     Also  tell  how  friction  is  reduced  in  the  engine 
and  other  parts.     You  can  obtain  much  of  your  infor- 
mation from  observing  and  talking  with  workmen  at  a 
lubricating  station,  and  from  repair  men.     Other  facts 
can  be  found  in  pamphlets  issued  by  oil  companies  and 
catalogues  of  automobile  manufacturers. 

4.  Account  for   the    sign    "Slippery    When   Wet" 
along  highways,  and  the  use  of  sand  and  ashes  in 
winter. 


Problem-Question 4  WHAT 

IS     ENERGY? 

You  have  seen  that 
pushes  and  pulls  are  needed 
to  move  objects,  but  what 
makes  it  possible  for  them 
to  do  so? 

A  workman  can  do  more 


FIGURE  157.     The  horses  are  using  their 
energy  to  do  useful  work. 


work  in  a  day  than  you  can,  but 
^  ^  you  can  do  more  than  a  small 

(S    *VV  child.    A  horse  or  an  elephant 

V  V    J\  can  outwork  *he  strongest  man. 

A  When  one  person  can  do  more 

work  than  another,  he  is  said 
to  have  a  greater  ability  to  do 
work.  You  may  have  the  ability 
to  do  work  and  yet  do  nothing. 
No  doubt  you  could  lift  a  chunk 
of  gold  weighing  fifty  pounds, 
and  thus  do  much  work.  You 
probably  have  never  done  so,  but 
you  still  have  the  ability  to  lift 
the  gold.  The  ability  to  do  work 
is  called  energy. 

Of  course,  it  is  your  muscles 
that  have  the  ability  to  do  work. 
So  we  say  that  muscles  have  en- 
ergy. The  stretched  rubber 

bands  of  a  bean-shooter  can  shoot  a  bean  or  pebble 
high  into  the  air  against  the  force  of  gravity.  When 
the  bands  snap  back,  they  do  work.  But  before  they 
snapped,  they  had  the  ability  to  do  the  work  because 
they  had  been  stretched.  Thus,  a  stretched  rubber 
band  has  energy.  When  a  clock  spring  is  wound  up,  it 
also  has  energy. 

You  have  seen  that  moving  objects  exert  a  force  upon 
anything  in  their  path,  and  that  they  usually  move  the 
things  they  strike.  For  example,  a  moving  hammer  can 
drive  a  nail  and  thus  do  work.  Any  moving  object  has 
energy  and  can  be  used  to  do  some  kind  of  work.  Later 
you  will  find  that  most  of  our  work  is  done  by  things 
that  are  moving. 

Many  things  have  energy,  however,  when  they  are  at 
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rest.  A  stone  lying  on  the  ground  can  do  no  work,  but 
you  can  show  that  if  it  is  above  the  ground  the  stone  can 
do  work  and  thus  has  energy.  Arrange  the  apparatus 
as  shown  in  Figure  158.  When  the  stone  is  resting  in 
the  hand,  it  is  not  doing  work,  but  when  you  remove 
your  hand  the  stone  will  lift  the  empty  bottle. 

How  does  this  show  that  the  stone  had  energy? 

If  the  bottle  is  filled  with  water  and  the  experiment 
tried  again,  the  stone  may  not  lift  the  bottle. 

Does  this  prove  that  the  stone  does  not  now  have  energy? 

ENERGY  AND  WORK 

It  can  be  proved  that  anything  that  has  been  lifted 
can  do  work.  The  higher  things  are  lifted,  and  the  more 
they  weigh,  the  greater  their  energy.  You  remember 
that  magnets  have  the 
ability  to  lift  nails,  and 
that  electric  currents  can 
run  the  motors  of  toys. 
Because  these  motors  can 
do  no  work  without  the 
electric  current,  they  them- 
selves do  not  have  energy. 
It  comes  from  the  electric 
current.  We  call  it  electri- 
cal energy. 

Energy  of  burning  sub- 
stances. An  interesting  ex- 
periment will  show  that 
things  that  are  burning 
also  have  energy.  Place  a 
little  water  in  a  test  tube 
and  hold  it  as  shown  in  Fig- 
ure 159.  Put  the  stopper 
in  loosely.  In  a  minute  or 


FIGURE  159.     Point  the  test  tube 
away  from  you. 
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so  you  will  see  that  work  is  done  on  the  stopper.  Heat 
is  a  very  common  form  of  energy,  but  it  usually  re- 
quires some  kind  of  engine  to  make  it  do  useful  work. 
It  was  not  until  men  learned  how  to  use  the  heat  energy 
of  burning  gasoline  to  turn  propellers  that  we  could 
fly  as  we  do  today.  They  now  build  engines  that  can 
do  about  as  much  work  as  2000  horses.  But  even 
these  powerful  engines  are  not  enough  for  some  air- 
planes. So  you  may  see  airplanes  with  two  or  even 
four  such  engines  working  at  once. 

We  have  found,  then,  that  energy,  the  ability  to  do 
work,  is  very  common  in  the  world  and  that  it  takes 
many  forms.  What  kinds  of  energy  can  you  now 
name? 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Bring  to  class  for  demonstration  toys  that  are 
operated  by  various  forms  of  energy,  such  as  a  coiled 
spring,  compressed  air,  steam,  or  a  lifted  weight. 

2.  Show  how  a  magnet  can  overcome  the  force  of 
gravity.    Hold  a  small  permanent  magnet  a  little  above 
some  tacks  or  needles  or  bits  of  steel  wool.     How  far 
away  can  the  magnet  be  and  still  lift  them? 


Problem-QuestionS    WHAT    is    THE    SOURCE    OF 

MOST     OF     OUR     ENERGY? 

Before  you  study  this  question,  set  up  the  apparatus 
as  shown  in  Figure  160.  You  will  need  it  in  a  few  min- 
utes. The  metal  can  should  not  be  more  than  three 
inches  above  the  wet  blotting  paper  in  the  shallow 
pan.  Fill  the  can  with  crushed  ice. 

Does  water  collect  upon  the  sides  of  the  can? 

Where  does  it  come  from? 
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FIGURE  160.     Why  is  the  can  held  near  the  blotting  paper? 

SOURCES  OF  ENERGY 

Energy  of  animals.  How  do  animals,  trucks,  trac- 
tors, locomotives,  water  wheels,  and  electric  motors, 
which  do  most  of  our  work,  get  the  energy  for  it?  In 
the  case  of  animals,  of  course,  the  work  is  done  by  their 
muscles,  but  where  do  the  muscles  get  their  energy? 

In  the  preceding  unit  you  learned  that  bodies  need 
foods  to  supply  energy,  and  that  this  energy  is  set  free 
in  cells  by  oxygen  which  has  come  from  the  air.  Food 
and  air,  then,  in  some  way  give  the  muscles  their  abil- 
ity to  do  work.  So  you  hear  much  about  this  or  that 
food  giving  you  energy.  But  food  is  made  by  plants, 
which  must  have  sunshine  in  order  to  make  it.  Thus 
it  is  reasonable  to  say  that  we  get  our  muscular  energy 
from  the  sun. 

Energy  from  fuels.  Think  of  a  locomotive.  What  a 
tremendous  amount  of  work  it  is  doing!  You  can  tell 
by  the  smoke  that  some  kind  of  fuel  is  burning  in  the 
firebox,  either  coal  or  oil,  probably.  You  have  already 
seen  that  when  a  thing  burns  it  can  do  work,  but  you 
may  not  understand  where  the  energy  comes  from.  The 
first  locomotives  burned  wood;  in  fact,  wood  is  a  very 
common  fuel  in  homes  today.  You  know,  of  course,  that 
wood  comes  from  trees.  Like  other  green  plants,  trees 
will  not  grow  unless  they  get  sunlight.  The  other  fuels, 
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FIGURE  161.     Is  the  energy  of  sunshine 
turning  this  wheel? 


coal  and  oil,  come  from 
plants  and  animals  that 
lived  millions  of  years  ago. 
(See  pages  106-107.)  Sun- 
shine long  ago  helped  to 
make  these  fuels.  When 
fuels  burn  they  give  us  much 
of  the  energy  that  is  used 
to  do  the  work  of  the  world. 
Because  they  could  not 
have  been  made  without 
sunshine,  we  say  that  their 
energy  can  be  traced  back 
to  the  sun. 

Energy  from  running 
water.  But  how  about 
water  wheels?  You  may 
never  have  seen  one  like 

that  in  Figure  161,  but  you  can  see  that  it  is  the  energy 
of  running  water  that  does  the  work.  Where  does  the 
water  get  its  energy?  To  answer  this  question,  think 
what  occurs  when  you  sit  on  a  sunny  beach  in  a  wet 
bathing  suit.  You  feel  the  heat  on  your  bare  skin  and 
your  suit  soon  dries.  Of  course,  your  suit  would  dry 
after  a  time  if  you  were  not  in  the  sunshine,  but  you 
know  how  much  faster  it  dries  if  the  sun  shines  on  it. 
The  water  cycle.  Now  look  at  the  metal  can  in  the 
apparatus  that  you  prepared  at  the  beginning  of  this 
lesson.  Has  water  started  to  drip  back  into  the  pan?  If 
not,  it  will  soon  do  so.  Here  you  have  water  leaving  the 
blotting  paper  and  falling  back  upon  it.  This  will  go  on 
until  the  water  in  the  can  gets  warm.  The  experiment  is 
an  illustration  of  the  water  cycle.  (See  page  70.) 

In  nature,  as  you  know,  the  air  high  above  the  earth 
is  cold,  and  when  water  gathers  upon  dust  particles  up 
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there,  clouds  and  finally  drops  of  rain  are  formed.  In 
your  experiment  the  drops  fell  back  into  the  pan,  but  in 
nature  many  of  them  fall  upon  hills.  Here  they  may 
collect  into  streams  and  flow  down  the  hillsides.  Water 
is  a  heavy  substance,  and  when  the  force  of  gravity  sets 
it  in  motion  down  a  slope  or  over  waterfalls,  it  has  the 
ability  to  turn  water  wheels  and  do  work.  To  store  up 
the  water,  dams  are  sometimes  placed  across  streams. 

If  the  sun  did  not  keep  the  earth  warm  enough  to 
cause  water  to  evaporate  into  the  air,  there  would  be  no 
streams,  for  there  would  be  no  rainfall.  You  can  also 
see  that  the  water  must  be  lifted  up  into  the  air  before 
there  can  be  rain  or  rivers.  This  is  done  when  the  heat 
of  the  sun  causes  it  to  evaporate.  In  this  case,  then,  as 
in  the  others  that  you  have  studied,  the  real  source  of 
the  energy  is  the  sun. 

We  have  found  that  work  requires  energy,  and  that 
the  real  source  of  the  energy  we  use  is  the  sun. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Prove  that  sunshine  can  lift  an  object.  Figure  162  A 
shows  how  to  arrange  a  bal- 
loon and  a  milk  bottle  which  is 

covered  with  soot  from  a  candle 
flame  to  make  it  work  faster. 
Use  a  balloon  with  thin,  soft 
rubber.  Blow  it  up  several 
times  to  soften  it. 

2.  Show  that  moving  air  can 
do  work.      A  toy  wind  wheel 
usually  turns  on  a  wire.    Re- 
move the  wheel  and  fasten  it 
to  a  large  needle  so  that  the 
needle  turns  when  the  wheel 

turns.    Arrange  the  needle  so  that  it  can  turn  easily 
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FIG.  162  A 


in  small  loops  of  wire  or 
in  small  holes  in  a  strip  of 
metal  such  as  you  can  cut 
from  a  tin  can  or  from  stiff 
paper.  (See  Figure  162  B.) 
After  you  are  sure  that 
the  wheel  turns  freely, 
fasten  one  end  of  a  thread 
FIGURE  162  B  about  eighteen  inches  long 

to  the  needle  with  wax  or 

gum.  Attach  a  small  cork  to  the  other  end  of  the 
thread.  Coil  the  thread  loosely  beside  the  cork,  and 
when  all  is  ready  blow  vigorously  upon  the  wind  wheel 
and  see  if  you  can  lift  the  cork  against  the  force  of 
gravity.  A  complete  diagram  is  not  given;  you  will 
have  to  do  some  inventing  of  your  own. 

Problem  B    HOW  DO  MACHINES  HELP  us 
DO  WORK? 

Almost  everything  you  use  is  made  by  machines.  This 
book  was  printed  by  presses  which  are  run  by  other  ma- 
chines. Machines  were  used  to  make  the  paper  and  still 
others  made  the  ink.  Wonderful  machines  were  used 
to  weave  the  cloth  in  which  it  is  bound. 

Many  machines  are  too  complicated  for  you  to  under- 
stand. Only  engineers  or  mechanics  know  all  about 
them.  But  there  are  some  kinds  that  are  easily  under- 
stood. They  are  called  the  simple  machines.  They  are 
important  because  complicated  machines  are  made  by 
putting  together  the  simple  ones. 

Problem-Question!    WHAT   is  A   MACHINE? 

Machines  do  not  make  energy.  It  may  help  you  to 
know  what  a  machine  is  not.  It  is  not  a  maker  of  en- 
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ergy.  When  you  see  a  man  lifting  a  heavy  automobile 
easily  to  change  a  tire,  it  may  look  as  if  the  jack  (a  ma- 
chine) was  making  energy  for  him.  But  this  is  not  so. 
All  of  the  energy  used  comes  from  the  man's  muscles. 

You  know  that  the  energy  of  burning  gasoline  is  used 
to  run  an  automobile  or  an  airplane  (machines),  but  you 
may  not  know  that  of  every  dollar's  worth  of  gasoline 
used,  ninety  to  ninety-five  cents'  worth  is  wasted. 
Machines  always  waste  energy;  they  never  make  it. 
Why,  then,  should  we  use  them? 

Machines  help  to  do  work.  You  waste  wood  when  you 
sharpen  a  lead  pencil,  but  you  are  willing  to  do  so  be- 
cause you  get  something  with  which  to  write.  Simi- 
larly, we  are  willing  to  waste  some  energy  in  a  machine 


FIGURE  163,    Two  ways  of  using  a  pulley 


if  it  helps  us  to  do  a  job  better,  or  to  do  something  that 
could  not  be  done  at  all  without  the  machine.  For  the 
present  you  may  think  of  a  machine  as  a  device  that 
helps  you  to  do  work  faster,  or  more  easily  than  you 
could  do  it  by  hand. 

One  of  the  simplest  machines  is  a  pulley.  It  is  a 
wheel  with  a  groove  for  holding  a  cord  or  rope.  It  is 
fastened  to  a  block  of  wood  or  metal  so  that  it  can  turn 
freely.  Figure  163  shows  two  ways  of  using  a  pulley. 
In  one  case  the  pulley  turns,  but  cannot  move  up  and 
down.  In  the  other  it  both  turns  and  moves  when  the 
rope  is  pulled.  Using  spring  scales  try  both  arrange- 
ments, with  at  least  two  different  weights.  With  which 
arrangement  is  it  easier  to  lift  the  weights? 

Fixed  pulleys.  In  the  case  of  a  fixed  pulley  (one  that 
does  not  move  up  and  down),  you  gain  no  advantage. 
In  other  words,  you  do  as  much  work  as  you  would  if 
you  lifted  the  weight  by  hand.  The  pulley,  however, 
changes  the  direction  of  the  force.  When  you  pull 

down,  the  weight  goes  up. 

FIGURE  164.     Two  fixed  pulleys  above,  and      This     change    of    direction 
two  movable  pulleys  below  can    fog    very    useful.       For 

example,  you  can  stand  on 
the  ground  and  raise  a  flag 

ii      ii     •   ' !     to  the  top  of  a  tall  pole. 

Movable  pulleys.  With 
a  movable  pulley  (one  that 
can  move  up  and  down), 
you  do  gain  an  advantage. 
Each  part  of  the  cord  holds 
half  of  the  weight.  So 
your  pull,  or  effort,  is  mul- 
tiplied by  two.  By  using 
combinations  of  fixed  and 
4 Pounds  I,  movable  pulleys  you  can 
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1  Pound 


lift  weights  many  times 
greater  than  your  pull,  or 
effort.  The  weight  lifted 
is  called  the  resistance. 
Figure  164  shows  one  ar- 
rangement. In  this  case 
how  many  times  greater  is 
the  resistance  than  the 
effort? 

The  friction  in  small 
pulleys  is  not  great,  and 
little  energy  is  wasted. 
But  in  large  pulleys,  using 
ropes  or  steel  cables,  fric- 
tion is  more  important. 
Perhaps  one  quarter  to  one 
half  of  the  energy  is  wasted. 
Nevertheless,  such  pulleys 

are  used  in  great  numbers  because  many  lands  of  work 
cannot  be  done  without  them. 


Galloway 

FIGURE  165.     This  machine  can  do  as  much 
work  as  forty  men. 


SOMETHING  YOU  MAY  CARE  TO  DO 

Arrange  a  set  of  pulleys  so  that  it  takes  three  pounds 
to  lift  one  pound.  What  is  gained  by  such  an  ar- 
rangement? 


Problem-Question  2    HOW   ARE   LEVERS   USED? 

The  commonest  and  simplest  of  all  machines  is  the 
lever.  It  is  a  stiff  bar  which  is  supported  at  some  point 
by  another  object  which  is  called  the  fulcrum.  Thus, 
you  may  use  a  stout  pole  or  a  crowbar  to  lift  a  heavy 
weight.  You  put  one  end  of  the  bar  under  a  weight, 
rest  the  bar  on  some  other  object,  and  push  down  on 
the  other  end  of  the  bar.  The  seesaw  also  is  a  lever. 
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With  it  a  small  boy  can 
lift  his  heavier  playmate. 
You  know  that  all  he  has 
to  do  is  to  sit  farther 
from  the  fulcrum  than  his 
chum. 

There  are  several  good 
things  about  a  lever.  One 
is  its  convenience.  Almost 
any  piece  of  strong  wood 
or  metal  can  be  used  as  one. 
A  screwdriver,  a  knife 
blade,  or  a  spoon  will  serve 
the  purpose.  But  to  be 
useful  a  lever  must  have  a 
FIGURE  166  fulcrum  about  which  it  can 

turn.     A  stone  or  a  block 

of  wood  or  a  piece  of  metal  can  be  used  as  the  ful- 
crum. These  are  all  easy  to  obtain.  Levers  waste 
little  energy,  and  can  be  employed  to  do  very  difficult 
tasks. 

You  may  arrange  a  simple  lever  by  using  a  yardstick 
with  a  small  hole  bored  at  its  center.  Hang  it  from  a 
strong  support  as  shown  in  Figure  166.  If  the  stick 
does  not  balance,  make  it  do  so  by  wrapping  a  piece  of 
wire  on  the  light  end.  Then  place  a  two-pound  weight 
not  far  from  the  fulcrum  and  balance  it  by  using  a  one- 
pound  weight.  Now  measure  the  distance  of  each 
weight  from  the  fulcrum.  The  force  that  is  used  to 
work  a  lever  is  called  the  effort,  and  its  distance  from  the 
fulcrum  is  called  the  effort  arm.  The  opposing  force 
on  which  the  lever  works  is  called  the  resistance,  and  its 
distance  from  the  fulcrum  is  the  resistance  arm. 

Make  the  small  weight  balance  the  larger  one  at  some 
other  place  on  the  yardstick.  The  resistance  is,  of  course, 
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twice  the  effort.     Compare  the  length  of  the  two  arms. 
//  the  stick  were  strong  enough  could  you  easily  lift 
a  ton? 

KINDS  OF  LEVERS 

The  people  of  ancient  times  must  have  known  how  a 
lever  can  multiply  a  small  force  into  a  large  one,  for  one 
of  them  said:  "  Give  me  whereon  to  stand  and  I  will  lift 
the  world." 

There  are  many  kinds  of  levers.  A  lever  is  sometimes 
called  a  pry.  When  you  use  a  screwdriver  to  open  a 
box,  the  screwdriver  is  being  used  as  a  lever  to  pry  open 
the  cover.  You  probably  have  used  a  knife  blade  in  the 
same  way.  Perhaps  you  have  produced  so  much  force 
that  you  broke  the  blade.  Ten  pounds  of  force  on  the 
handle  may  have  given  you  as  much  as  one  hundred 
pounds  near  the  tip  of  the  blade. 

Not  all  levers  have  the  fulcrum  between  the  effort  and 
the  resistance.  When  you  put  a  pry  under  an  object 
and  then  pull  up,  the  fulcrum  is  at  the  end  under  the 
object.  A  common  nutcracker  has  its  fulcrum  at  the 
end  beyond  the  nut. 

In  the  pliers  and  the  nutcracker  the  effort  is  at  one 
end.  There  are  many  other  levers  where  the  effort  is 


FIGURE  167.  Pliers  or  pincers  for 
bending  and  cutting  wire.  The  ful- 
crum is  between  the  effort  and  the  re- 
sistance. The  force  you  exert  on  the 
handles  is  multiplied  about  ten  times. 


FIGURE  168.  You  would  not  be 
able  to  crack  a  very  hard-shelled  nut 
with  your  fingers  but  this  machine 
does  it  easily.  Where  does  the  energy 
come  from? 
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FIGURE  169.     What  advantage  has  a  pair  of 
tweezers  over  a  finger  and  thumb? 


exerted   between   the  ful- 
crum and   the  resistance. 
A  fishing  rod  is  a  good  il- 
lustration.     The  hand  at 
the  end  of  the  rod  acts  as 
a  fulcrum;  the  other  hand 
exerts  the  force,  or  effort, 
and  the  fish  is  the  resist- 
ance.    In  this  sort  of  lever 
the  effort  is  greater  than 
the  resistance.    The  resist- 
ance is  four  or  five  times  as  far  from  the  fulcrum  as 
the  effort.     Thus  it  takes  four  or  five  pounds  to  lift  one 
pound.     Even  a  small  fish  feels  heavy. 

You  may  wonder  why  anyone  would  use  a  lever  when 
he  must  employ  more  force  than  he  gets  out  of  it.  If 
you  think  about  the  fishing  rod,  you  will  see  that  when 
your  hand  moves  a  short  distance  the  tip  of  the  rod 
moves  farther  and  faster.  You  lose  force,  but  you  gain 
speed,  and  speed  is  often  important.  When  you  "  swat " 
a  fly,  you  are  interested  in  great  speed  rather  than  great 
force.  The  long  levers  or  booms  used  for  loading  ships 
quickly  have  the  effort  between  the  fulcrum  and  the 
resistance.  They  act  like  large  fishing  rods.  Fire  tongs 
and  tweezers  are  also  examples  of  this  kind  of  lever. 

The  examples  so  far  mentioned  are  only  a  few  of  the 
many  levers  used  to  help  us  in  our  work.  Nearly  every 
complicated  machine  has  at  least  one  lever  somewhere 
in  it,  and  many  have  hundreds.  It  was  probably  one  of 
man's  first  machines,  and  it  continues  to  be  one  of  the 
most  useful. 

What  advantages  of  simple  machines  can  you  now 
mention? 
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SOMETHING  YOU  MAY  CARE  TO  DO 

Make  an  old-fashioned  weighing  device  called  a  steel- 
yard. You  may  use  a  thin  piece  of  wood,  but  it  must  be 
stiff  and  strong.  It  should  be  about  thirty  inches  long. 
It  should  be  made  to  balance  before  any  weight  is  at- 
tached to  it.  To  put  on  the  proper  marks,  use  a  one- 
pound  weight  in  place  of  the  package  shown  in  Figure 
170  and  slide  the  weight  W  along  the  steelyard  until  it 
balances.  Mark  the  place  1.  Any  convenient  piece  of 
metal  can  be  used  for  W. 
You  will  probably  use  one 
weighing  less  than  a  pound. 

Next  use  a  five-pound 
weight,  or  something  that 
weighs  five  pounds,  and 
slide  the  weight  W  until  it  FIGURE  i?o 

balances.    Mark  this  spot  5. 

To  get  the  2-,  3-,  and  4-pound  marks,  divide  the  space 
between  the  1  and  the  5-pound  marks  into  four  equal 
parts.  Perhaps  you  can  put  in  half-pound  marks  as  well. 

See  if  you  can  think  of  a  way  to  make  the  friction 
very  small.  Perhaps  your  butcher  has  a  large  steel- 
yard from  which  you  can  get  ideas. 


REVIEW  QUESTIONS 

1.  What  is  meant  by  the  word  weight? 

2.  Why  are  you  likely  to  break  a  curtain-pull  cord  if  you  jerk  it? 

3.  Why  are  dry  pavements  less  slippery  than  wet  ones? 

4.  Tell  why  it  is  easier  to  roll  a  log  along  the  ground  than  it  is  to 
drag  it. 

5.  Mention  one  use  of  friction. 

6.  What  is  energy? 

7.  Mention  four  things  that  have  energy. 

8.  Name  three  common  fuels  used  to  produce  energy. 

9.  What  is  the  water  cycle? 
10.  What  is  a  machine? 
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11.  Tell  what  is  meant  by  effort  and  resistance. 

12.  What  is  a  fixed  pulley?    A  movable  pulley? 

13.  Mention  a  lever  that  multiplies  the  force  applied  to  it. 

14.  What  common  lever  multiplies  the  distance  rather  than  the 
force? 

15.  Name  five  common  levers  used  in  the  home. 


TEST  ON  SCIENTIFIC  METHOD 

Is  the  reasoning  of  this  ballplayer  scientific? 
LOSES  GUM  — LOSES  GAME 

Today  Fred  (Gum)  Harris  suffered  his  first  defeat  of  the  year. 
"Gum"  is  his  nickname  because  the  only  game  he  lost  last  year 
was  the  one  in  which  he  did  not  chew  his  favorite  gum.  He  pitched 
masterful  ball  until  the  last  inning  when  Biggs  hit  one  of  Gum's 
slow  balls  for  a  home  run  which  won  the  game  for  the  Stars. 

After  the  game  Gum  told  the  reporters  that  he  alone  had  lost  the 
game,  but  that  it  was  not  his  fault.  But  let  him  tell  his  own  story 
of  how  it  happened.  "  Nobody  can  stop  a  sneeze.  When  I  sneezed, 
you  know  I  got  a  good  laugh  from  the  crowd,  but  there  is  something 
you  don't  know:  I  lost  my  gum.  I  began  to  tire  right  away  and 
could  not  throw  my  fast  ball.  You  know  the  rest.  Gum  sure  does 
give  you  plenty  of  energy  to  carry  you  through  a  tough  game." 

Hard  luck,  Fred,  but  don't  sneeze  again! 

Read  the  above  account  twice  and  then  give  special  attention  to 
the  part  in  italics. 

The  statement  is  no  doubt  honest,  but  is  it  true? 

Did  Fred  consider  the  matter  from  all  sides  before  he  made  the 
statement?  What  about  pitchers  who  chew  gum,  but  still  lose? 
Might  he  not  have  lost  the  game  anyway?  Might  not  the  laughter 
have  upset  his  nerves?  Might  he  not  have  become  chilled?  Might 
not  the  loss  of  the  gum  have  caused  him  to  worry  and  to  take  less 
pains? 

Think  the  matter  over,  considering  all  the  facts  and  what  you 
know  about  energy,  and  then  give  your  reasons  for  agreeing  or  not 
agreeing  with  the  statement  in  italics. 
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TEST  ON  THE  UNIT 

Do  not  write  in  this  book 

On  a  sheet  of  paper  number  from  1  to  20  and  indicate  whether 
the  corresponding  statement  is  True  or  False. 

1.  You  do  work  when  you  chew  your  food. 

2.  You  do  no  work  on  a  baseball  while  carrying  it  about  in  your 
pocket. 

3.  The  force  of  gravity  is  greater  upon  a  pound  of  iron  than  upon 
a  pound  of  cotton. 

4.  A  two-pound  weight  falls  twice  as  fast  as  a  one-pound  weight. 

5.  More  force  is  required  to  start  an  object  into  motion  quickly 
than  to  start  it  slowly. 

6.  When  an  apple  ripens  and  falls  from  a  tree,  no  force  is  neces- 
sary to  start  it  in  motion. 

7.  When  you  are  running  on  the  level,  the  force  of  gravity  makes 
it  hard  for  you  to  stop  suddenly. 

8.  There  is  friction  between  skates  and  smooth  ice. 

9.  Well-oiled  ball  bearings  have  no  friction. 

10.  Friction  is  always  harmful. 

11.  Objects  have  no  energy  unless  they  are  doing  work. 

12.  Machines  make  energy. 

13.  Cereals  provide  the  body  with  energy,  but  candy  does  not. 

14.  The  energy  that  runs  an  automobile  comes  from  burning  gaso- 
line. 

15.  Streams  formed  by  rain  have  energy,  but  while  the  rain  was 
falling  from  the  clouds  it  did  not  have  energy. 

16.  The  energy  of  foods  can  be  traced  back  to  the  sun,  but  the 
energy  we  obtain  from  burning  fuels  cannot. 

17.  A  pulley  always  multiplies  the  effort. 

18.  A  lever  always  multiplies  the  effort. 

19.  When  you  shovel  coal,  the  effort  is  less  than  the  weight  of  the 
coal  in  the  shovel. 

20.  Levers  are  sometimes  used  to  gain  speed  rather  than  force. 

SOME  BOOKS  YOU  MAY  CARE  TO  READ 
BOCK,  GEORGE,  What  Makes  the  Wheels  Go  Round? 
BOLTON,  S.  K.,  Famous  Men  of  Science 
HINE,  LEWIS  W.,  Men  at  Work 
SMITH,    EDITH    L.,    Everyday   Science   Projects 
VAN  LOON,  HENDRIK,  The  Story  of  Invention 
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Some  germs 


Tiger 


FIGURE  171.  Some  dangerous  enemies.  The  tiger  is  a  large  animal, 
but  the  germs  are  so  small  that  you  can  see  them  only  when  you  use 
a  microscope. 


HEALTH 


LOOK  AT  FIGURE  171.  Which  of  the  things  shown 
there  is  the  more  dangerous  to  health  and  life?  On  the 
one  hand  you  have  a  tiger,  and  truly  this  animal  might 
devour  you  —  if  it  had  the  chance.  On  the  other,  you 
have  tiny  little  living  things  that  can  only  be  seen  with 
the  aid  of  powerful  lenses.  They  cause  diseases,  and  so 
we  call  them  germs.  Actually,  if  they  get  into  a  human 
body,  some  of  them  can  destroy  that  body  as  surely  as 
would  a  tiger. 

When  you  stop  to  think  about  it,  you  do  not  have  to 
worry  very  much  about  tigers,  or,  for  that  matter,  lions, 
crocodiles,  and  other  large  animals  that  might  attack 
you.  Men  have  too  many  good  weapons  that  can  be 
used  against  such  enemies.  As  a  result,  tigers  survive 
only  in  faraway  and  thinly  settled  places.  How  differ- 
ent it  is  in  the  case  of  germs !  The  little  killers  are  likely 
to  be  on,  in,  and  about  us  at  all  times.  We  cannot  see 
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Armstrong 

FIGURE  172.    Many  accidents  occur  in  places 
like  this. 


them  without  our  micro- 
scopes, and  we  cannot 
hope  to  kill  them  all.  They 
are  the  really  dangerous 
enemies  of  mankind.  Actu- 
ally they  should  be  more 
greatly  feared  than  tigers 
are  by  the  inhabitants 
of  isolated  villages  in 
India. 

The  scene  shown  in  Fig- 
ure 172  looks  innocent 
enough.  You  might  ex- 
pect to  be  safe  in  such  a 

place.  Thousands  of  accidents,  however,  occur  in  the 
home.  An  ordinary  living  room  can  easily  be  the  scene 
of  one.  Kitchens  and  bathrooms  probably  are  even 
more  to  be  feared. 

By  this  time  you  may  be  wondering  how  anyone 
succeeds  in  growing  up,  let  alone  reaching  a  ripe 
old  age.  The  truth  is,  there  is  also  a  bright  side 
to  the  picture.  The  human  body  is  not  without 
defenses,  and  often  proves  to  be  amazingly  durable. 
Many  really  dangerous  diseases  and  accidents  can  be 
avoided  in  most  cases.  Certain  safeguards,  however, 
must  be  observed.  You  will  learn  about  some  of 
them  in  this  unit. 

Much  has  been  discovered  about  the  threats  to  our 
health.  Many  scientists  have  spent  their  lives  study- 
ing the  nature  of  diseases  and  the  various  causes  of  ac- 
cidents. There  was  a  time  when  man  knew  little 
about  germs  and  other  dangers,  and  was  an  easy 
victim,  but  this  is  true  no  longer.  We  know  enough 
to  protect  ourselves,  provided  that  we  put  the  knowl- 
edge to  work. 
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FIGURE  173.  A  street  scene  in  Europe  four 
hundred  years  ago.  Streets  were  unpaved, 
and  there  was  no  sanitary  disposal  of  garbage 
or  sewage. 


Problem  A     HOW     CAN 

THE  BODY  BE  PRO- 
TECTED AGAINST 
DISEASE? 

To  see  how  times  have 
changed  we  need  only  look 
back  to  the  days  of  ancient 
Rome.  The  Romans  did 
not  know  that  plants  and 
animals  are  made  up  of  tiny 
units  called  cells.  They 
did  not  know  the  single- 
celled  disease-producers 
that  we  call  germs.  They 
developed  art  and  litera- 
ture. They  built  great 
roads,  and  sent  armies  as 
far  afield  as  England.  But 
they  had  not  learned  to 

live  safely  in  their  cities,  nor  did  many  generations  after 
their  time.  Disease  struck  down  the  strong  as  well  as 
the  weak.  Superstitions  about  diseases  were  believed 
by  almost  everyone,  because  no  person  knew  the  facts. 
Until  almost  recent  times  the  average  person  lived  no 
longer  than  twenty  years. 

In  the  Middle  Ages  practically  all  the  cities  and 
towns  were  unsanitary  and  often  so  filthy  that  they 
became  regular  plague  spots.  People  in  the  country 
were  somewhat  safer,  because  they  were  less  likely  to 
get  diseases  from  others.  Today  all  this  has  been 
changed,  and  many  of  our  cities  have  become  places 
where  good  health  is  the  rule.  Why  is  this  the  case? 
You  will  find  some  of  the  reasons  by  answering  the 
following  questions. 
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FIGURE  174.     Cells  from  the  human  body:  a,  nerve  cell;  6,  smooth 
muscle  cell;  c,  gland  cell;  d,  red  blood  cells 

Problem-Question  1    WHAT    is    THE    NATURE    OF 

THE    HUMAN    BODY? 

It  is  necessary  to  begin  by  learning  something  about 
our  bodies,  and  how  they  work.  Like  other  living 
things,  they  are  made  up  of  cells.  Some  of  these  are 
shown  in  Figure  174,  and  you  may  be  able  to  see  others 
on  a  chart  or  lantern  slides.  Most  of  the  cells  have 
rather  special  functions  or  work  to  perform.  A  gland 
cell,  for  instance,  works  by  forming  some  needed  sub- 
stance. Muscle  cells  contract,  and  thus  bring  about 
movement  of  the  body  or  some  part.  Nerve  cells  carry 
messages  called  impulses. 

Look  at  a  chart  or  lantern  slide  that  shows  the 
parts  within  the  body.  No  doubt  it  will  be  somewhat 
like  Figure  175.  The  cavity  of  the  body  is  divided  into 
two  parts  by  the  diaphragm.  The  space  above  the  dia- 
phragm is  the  thorax\  below  the  diaphragm  is  the  abdo- 
men. Organs  that  lie  in  the  thorax  include  the  heart 
and  the  lungs.  The  abdomen  contains  the  stomach, 
the  intestines,  and  the  liver.  The  kidneys  are  near 
the  abdomen,  but  are  actually  outside  of  that  cavity. 
Nerves  and  blood  vessels  connect  with  all  of  these 
structures. 

Where  are  the  spinal  cord  and  the  brain  located? 
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FIGURE  175 

Could  you  say  that  the  skeleton  protects  the  important 
organs  of  the  body? 

SYSTEMS  OF  THE  BODY 

Tissues,  organs,  and  systems.  You  already  know  that 
cells  must  be  arranged  in  a  special  way.  A  mass  of 
similar  cells  —  muscle  cells,  for  example  —  makes  up 
a  muscle  tissue.  The  tissues  are  in  turn  grouped  to 
form  organs,  such  as  the  heart  or  the  stomach.  Re- 
lated organs  that  work  together  are  called  a  system. 
Thus,  the  stomach,  small  intestine,  and  large  intestine 
are  all  parts  of  the  digestive  system. 

The  digestive  system.  This  digestive  system  is  ar- 
ranged as  a  long  canal  within  the  body.  Various  organs 
make  up  parts  of  the  canal.  Its  function  is  to  receive 

213 


FIGURE  176.     Human  blood  cells,  greatly  enlarged.      Can  you  locate 
a  white  cell  and  red  cells? 

the  food  that  we  eat  and  digest  those  parts  that  can  be 
used.  Glands  closely  related  to  the  digestive  system 
include  the  salivary  glands  in  the  neck  region,  the  liver, 
and  the  pancreas. 

The  circulatory  system.  The  central  organ  of  the  cir- 
culatory system  is  the  heart.  It  is  directly  or  indirectly 
connected  with  each  of  the  blood  vessels,  and  pumps 
blood  to  all  parts  of  the  body.  Blood  is  a  fluid  which 
contains  many  red  cells  (see  Figure  176)  and  a  smaller 
number  of  larger  white  cells.  Later  you  will  learn  what 
these  cells  do.  Meanwhile,  it  is  enough  to  know  that 
the  blood  carries  food,  oxygen,  and  wastes. 

The  respiratory  system.  You  have  already  learned 
that  the  main  parts  of  the  breathing  system  are  the 
two  lungs.  In  their  tissues  the  blood  takes  oxygen 
from  air  and  discharges  the  waste  carbon  dioxide. 
Liquid  wastes  are  removed  from  blood  while  it  is  pass- 
ing through  the  kidneys.  Excess  heat  is  passed  off  by 
way'  of  the  lungs  and  the  skin. 
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The  nervous  system.  The  nervous  system  is  a  very 
special  structure.  Its  central  control  is  the  brain.  An- 
other main  control  center  is  the  spinal  cord.  Branch 
nerves  extend  to  all  parts  of  the  body.  This  sys- 
tem regulates  the  work  of  all  the  other  body  parts. 
Through  the  brain  we  perform  certain  acts  whenever 
we  wish  to,  such  as  throwing  a  ball  or  eating.  On  the 
other  hand,  the  nervous  system  directs  other  acts,  such 
as  the  beating  of  the  heart  whether  we  are  awake  or 
asleep. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Get  a  pig  or  sheep  heart  at  a  market.    With  the 
aid  of  your  teacher  cut  it  open  and  examine  the  mus- 
cular walls  and  chambers  of  this  pumping  organ. 

2.  Use  a  microscope  to  look  at  any  cells  that  you  may 
have  at  hand.    If  you  have  no  microscope  slides  of  cells, 
you  can  make  one.     Peel  a  thin  outer  layer  from  an  or- 
dinary onion.     Put  it  on  a  glass  slide,  add  a  drop  of 
water,  and  cover  with  a  cover  glass.    Now  focus  upon  it 
with  the  low  power  of  a  microscope,  and  you  will  be  able 
to  see  many  cells. 

3.  Prepare  a  display  chart  of  the  digestive  system. 
Include  both  the  main  organs,  and  some  of  the  glands 
that  are  connected  with  it. 


a  j jr     b  c 

FIGURE  177.     Some  germs,     a  and  6,  animal  cells;  c,  bacteria 


Problem-Question  2    HOW    CAN    WE    GUARD 

AGAINST     DISEASE? 

Now  that  you  have  learned  some  things  about  human 
structure,  you  can  probably  think  of  ways  in  which 
germs  might  get  into  the  body.  Vve  have  two  chief 
methods  of  defense  against  them.  One  is  to  keep  the 
germs  out  of  the  body.  The  other  is  to  destroy  any 
that  manage  to  enter. 

Probably  you  will  be  able  to  see  some  pictures  or  lan- 
tern slides  of  various  germs.  Some  of  them  are  also 
shown  in  Figures  171  and  177.  You  will  notice  that  they 
do  not  always  look  alike,  but  they  do  agree  in  two  ways. 
All  of  them  cause  diseases,  and  none  of  them  can  be  seen 
by  the  unaided  eye.  You  may  recall  that  germs  are 
everywhere  around  us.  They  are  in  the  air,  in  the  dust, 
in  the  soil,  and  in  water.  They  may  be  in  the  foods  that 
we  eat  and  drink  if  these  are  not  carefully  guarded. 
They  may  also  be  in  the  bodies  of  other  people  or  in  the 
tissues  of  plants  and  animals. 

Can  you  see  one  reason  why  germs  are  hard  to  control? 

Can  you  see  why  it  is  difficult  to  avoid  all  germs? 

DEFENSES  AGAINST  GERMS 

Germs  enter  our  bodies  in  many  different  ways.  They 
may  get  into  a  scratch  or  cut  in  the  skin.  Many  of  them 
come  in  by  way  of  the  mouth  or  nose.  Some  can  be 
passed  from  one  person  to  another.  Others,  as  you  will 
learn,  are  carried  to  us  by  biting  insects. 

Many  germs  can  be  kept  out  of  the  body.  You  can  see 
why  it  is  necessary  to  have  a  pure  water  supply.  You 
can  understand  why  pure  foods  are  desirable.  We  have 
many  laws  that  regulate  such  matters,  in  an  effort  to 
make  sure  that  the  things  we  eat  and  drink  are  free  from 
germc.  For  instance,  in  some  states  milk  must  be  pas- 
teurized before  it  can  be  sold.  To  pasteurize  milk  its 
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temperature  is  raised  high  enough  to  kill  any  really 
dangerous  germs. 

We  have  also  discovered  that  we  should  quarantine 
people  suffering  from  diseases  that  can  be  passed  on  to 
others.  We  have  even  learned  that  it  is  wise  to  avoid 
close  contact  with  people  who  have  common  colds.  We 
try  to  control  a  number  of  insects  that  carry  germs  to  us 
in  one  way  or  another.  Such  methods  as  these,  and 
many  more  like  them,  are  ways  of  keeping  germs  out  of 
our  tissues. 

Body  defenses.  It  is  fortunate  that  our  bodies  have 
defenses  against  germs.  Many  are  kept  out,  and  others 
fail  to  become  numerous  if  they  do  get  in.  Germs  in 
small  numbers  rarely  cause  active  illness;  it  is  when 
they  multiply  by  hundreds  and  thousands  that  trouble 
begins.  One  very  simple  defense  is  the  skin  layer.  As 
long  as  it  remains  unbroken,  it  keeps  out  a  horde  of  tiny 
aggressors,  even  though  a  few  types  will  work  their  way 
in.  Another  line  of  defense  depends  upon  the  white 
cells  of  the  blood  (see  Figure  176).  These  white  cells 
will  attack  and  destroy  some  invading  germs. 

There  are  also  substances  in  the  blood  that  will  kill 
certain  germs  and  make  others  harmless.  Such  sub- 
stances are  the  basis  for  what  is  called  immunity.  The 
immune  person  does  not  get  a  given  disease,  or  he  gets 
it  in  milder  form  (partial  immunity) .  A  number  of  im- 
munities last  throughout  life,  but  some,  sadly  enough, 
are  only  temporary.  We  may  develop  some  of  them  by 
having  active  cases  of  the  disease;  others  can  be  con- 
ferred upon  us  by  physicians.  It  is  possible,  for  ex- 
ample, to  become  immune  to  smallpox  either  by  having 
the  disease  or  by  being  vaccinated.  We  can  be  pro- 
tected against  diphtheria,  tetanus  (lockjaw),  and  ty- 
phoid fever  by  having  the  doctor  give  us  substances 
that  make  us  immune.  Before  ways  and  means  of  do- 
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ing  such  things  were  known,  many  people  died  from 
these  dreaded  illnesses. 

Medicines.  When  germs  do  become  active  within  the 
body,  medicines  can  sometimes  be  used  to  destroy  them. 
Other  drugs  may  check  the  invaders  until  the  body  can 
win  its  own  battle.  You  have  probably  read  about  the 
wonderful  cures  made  possible  by  some  of  the  new 
sulfa,  or  sulfonamide,  drugs.  These  drugs  control  a 
number  of  dangerous  germs.  Likewise,  quinine  can 
be  used  to  kill  malaria  germs  that  have  got  into 
the  blood  stream  through  the  agency  of  mosquito 
bites 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Prepare  a  chart  which  lists  common  germ  dis- 
eases, shows  the  kind  of  germ  responsible  in  each 
case,  and  the  way  or  ways  in  which  it  enters  the 
body. 

2.  Read  about  Louis  Pasteur's  discoveries  in  De- 
Kruif  's  Microbe  Hunters. 

3.  With  the  aid  of  the  teacher,  examine  under  the 
microscope  some  slides  bearing  small  organisms  similar 
to  those  that  cause  diseases. 

4.  With  the  aid  of  a  microscope,  look  at  some  slides 

bearing  human  blood.  Try 
to  find  both  red  and  white 
cells.  Also,  if  possible, 
look  at  some  fresh  sam- 
ples of  beef  or  chicken 
blood.  In  doing  the  latter, 
put  a  drop  of  blood  on  a 
slide  and  add  a  drop  of 
water  to  thin  it  out.  Then 
cover  it  with  a  cover  glass 
to  prevent  rapid  drying. 
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FIGURE  178.    A  mosquito  biting  its  victim 

Photo  by  H.  E.  Edgerton   ' 


FIGURE  179.     Stages  in  the  development  of  a  mosquito 

Problem-Question  3    HOW  ARE  INSECTS  RE- 
LATED   TO    DISEASE? 

We  have  noted  various  ways  in  which  germs  enter  the 
body,  including  the  fact  that  some  of  them  are  brought 
to  us  by  insects.  Almost  everyone  has  been  bitten  by 
insect  pests.  Among  them  are  the  many  varieties  of 
mosquitoes.  Figure  178  probably  will  recall  some  un- 
pleasant incident  to  your  mind.  Mosquito  bites  itch, 
burn,  swell,  and  sometimes  cause  people  to  cough. 
There  are  other  reasons  why  we  wish  to  avoid  them,  as 
you  will  see. 

You  may  be  able  to  look  at  a  chart  or  lantern  slide 
which  shows  the  life  history  of  a  mosquito.  Note  how 
the  eggs  are  laid  on  the  water.  The  young  live  in  the 
water  (fresh  or  salt),  but  they  must  come  to  the  surface 
to  get  air.  At  the  moment  when  adults  first  become 
active,  their  wings  must  have  two  or  three  minutes  in 
which  to  dry,  else  they  cannot  leave  the  water.  If  the 
surface  of  the  water  is  moving  about,  the  wings  are  not 
likely  to  dry.  For  this  reason  mosquitoes  usually  come 
from  stagnant  pools  rather  than  from  swiftly  moving 
streams. 

If  you  are  able  to  visit  the  shores  of  such  a  pool,  get  a 
jar  of  water  and  other  materials  from  some  shallow 
place.  Let  the  mud  and  other  things  settle  in  the  jar, 
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and  see  whether  any  young  mosquitoes  are  present. 
Compare  them  with  the  drawings  in  Figure  179. 

Would  mosquitoes  be  likely  to  come  from  the  waters  of  a 
large  lake? 

Would  you  expect  them  to  be  most  common  in  a  wet  or  a 
dry  season? 

INSECTS  AND  DISEASE 

Mosquitoes  and  disease.  Some  kinds  of  mosquitoes 
are  just  annoying,  but  others  are  a  menace  to  health. 
One  type  conveys  the  germs  of  malaria  to  man.  Other 
types  do  a  similar  thing  in  the  case  of  yellow  fever. 
Both  diseases  were  once  common  in  the  United  States, 
and  malaria  still  is  in  parts  of  the  South. 

The  control  of  mosquitoes.  Mosquitoes  can  be  brought 
under  control  by  draining  ponds  and  marshes,  and  by 
getting  rid  of  water-filled  cans,  rain  barrels,  and  similar 
things  in  which  they  can  develop.  But  it  is  not  always 
a  good  idea  to  drain  ponds  and  marshes.  Instead,  the 
young  mosquitoes  can  be  killed  by  putting  oil  upon  the 

FIGURE  180.  Poison  liquids  are  sometimes  added  to  pond  or  swamp 
water  to  kill  mosquitoes.  Airplanes  may  be  used  to  scatter  poison 
dust  over  swamps. 


water  so  that  they  cannot  get  air,  or  by  placing  poison 
chemicals  in  it.  Some  small  fish  and  minnows  can 
also  be  relied  upon  to  eat  these  pests.  If  most  of  the 
mosquitoes  are  destroyed,  we  are  far  less  likely  to  get 
the  diseases  that  they  bring  to  us. 

Mosquitoes  and  airplanes.  A  few  years  ago  a  very 
dangerous  African  mosquito  suddenly  made  its  appear- 
ance in  Brazil.  It  was  a  type  well  known  as  a  malaria 
carrier.  Fortunately,  this  pest  was  soon  brought  under 
control,  but  only  at  great  expense.  How  did  the  mos- 
quito get  across  the  South  Atlantic  Ocean?  The  an- 
swer seems  to  be  that  it  was  brought  in  by  an  airplane 
flying  from  Africa  to  South  America. 

Even  before  this  happened,  we  knew  that  insects  were 
likely  to  be  carried  across  the  world  in  airplanes.  An 
insect  picked  up  in  Africa  at  daybreak  might  be  landed 
in  Brazil  before  the  sun  rose  again.  Probably  it  would 
not  have  a  chance  to  escape  in  so  short  a  time.  There- 
fore the  cabins  of  airplanes  are  sprayed  when  they  ar- 
rive from  foreign  lands  to  kill  any  stowaway  insects. 

Rat  fleas  and  plague.  Another  blood-sucking  insect 
pest  is  the  rat  flea.  It  seems  to  prefer  the  blood  of 
house  rats,  but  it  will  sometimes  bite  humans.  These 
occasional  attacks  upon  people  would  not  be  very  im- 
portant except  that  this  flea  conveys  germs  of  bubonic 
plague  from  rat  to  rat  and  from  rats  to  man.  Bubonic 
plague  is  a  very  dangerous  disease  which  is  found  in  the 
Orient  all  of  the  time,  and  now  and  then  appears  in 
other  parts  of  the  world.  There  have  been  several  local 
outbreaks  in  the  United  States,  due,  perhaps,  to  the  fact 
that  diseased  rats  came  in  on  ships  from  foreign  ports. 
One  way  to  control  bubonic  plague  is  to  kill  all  house 
rats. 

Houseflies  carry  germs.  It  should  not  be  thought  that 
an  insect  must  always  bite  man  in  order  to  bring  him 
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germs.  Look  at  Figure  181, 
which  is  a  drawing  from  an  en- 
larged photograph  of  a  housefly. 
Such  a  fly  does  not  bite  at  all 
(although  certain  kinds  of  flies 
can,  and  do) .  It  goes  from  place 
to  place  eating  decaying,  germ- 
filled  things  and  collecting  dirt 
FIGURE  181.  A  housefly,  and  germs  among  the  hairs  and 

Do  you  see  why  this  insect  Kristlp^  On  its  hodv  Tt  thpn 
would  be  likely  to  carry  dirt  >aj' 

and  germs?  spreads    germs    far    and    wide. 

Can  you  see  why  we  should  make 

every  effort  to  keep  houseflies  out  of  our  food?  Most  of 
them  lay  their  eggs  in  and  on  horse  manure.  If  this 
waste  is  allowed  to  stand  in  piles  for  days  and  weeks,  flies 
multiply  rapidly.  But  if  the  manure  is  disposed  of  in 
a  sanitary  manner,  houseflies  are  kept  in  check. 

The  foregoing  are  only  some  examples  of  insects  that 
carry  germs  to  man.  There  are  others,  and  also  insects 
that  bring  germs  to  our  domestic  animals.  When  we 
control  the  insects,  we  also  control  the  diseases. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  If  a  slide  bearing  an  adult  mosquito  (female)  is  at 
hand,  examine  it  with  the  aid  of  a  microscope;  or  place 
a  freshly  killed  mosquito  on  a  blank  slide.     Notice 
the  piercing  and  sucking  mouth  parts. 

2.  Study  lantern  slides  or  microscope  slides  bearing 
fleas,  lice,  or  other  blood-sucking  insects. 

3.  After  consulting  the  references  at  the  end  of  the 
unit,  prepare  a  chart  or  exhibit  which  shows  various 
stages  in  an  insect's  life  history.     (Note:  This  will  not 
be  the  same  for  all  types  of  insects.) 

4.  Report  upon  the  life  cycle  and  habits  of  the  house- 
.fly.     Give  special  attention  to  means  of  control.    -  ~ 
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FIGURE  182.     A  thermometer  used  for  taking  human  temperature 

Problem-Question  4    HOW   SHOULD   WE   DEAL 

WITH     ILLNESS? 

You  have  already  seen  that  there  are  various  ways  in 
which  we  can  protect  ourselves  against  germs.  Even 
when  precautions  are  taken,  however,  germs  and  other 
agents  of  disease  do  get  into  our  bodies.  Most  people, 
for  example,  have  a  good  many  common  colds  in  the 
course  of  a  lifetime.  Many  of  these  are  not  very  seri- 
ous, but  they  make  one  feel  uncomfortable,  and  at  best 
interfere  with  work  and  play.  In  the  case  of  colds  and 
some  other  sicknesses,  it  is  often  necessary  to  decide 
whether  or  not  a  person  is  seriously  ill  when  he  does  not 
feel  well. 

Figure  182  shows  a  little  instrument  that  everyone 
should  be  able  to  use.  It  is  a  special  type  of  thermom- 
eter for  measuring  the  temperature  of  the  body.  Per- 
haps you  can  examine  one  and  learn  how  to  read  it. 
Note,  however,  that  it  should  never  be  passed  from 
mouth  to  mouth,  because  in  that  way  germs  are 
spread. 

Remember  that  normal  temperature  is  about  98.6°  F. 
Hold  the  thermometer  in  your  hand,  and  turn  it  around 
slowly  until  you  can  see  the  thin  column  of  mercury. 
It  should  stand  a  few  degrees  below  normal.  If  it  does 
not,  hold  the  thermometer  by  the  top,  and  act  as  if  you 
were  striking  downward  in  the  air.  This  will  usually 

223 


shake  the  column  of  mer- 
cury down.  Now  place 
the  bulb  of  the  thermom- 
eter in  the  mouth,  below 
the  tongue,  and  leave  it 
there  for  about  three  min- 
utes. Keep  the  mouth 
closed  meanwhile,  and  be 
careful  not  to  break  the 
bulb  of  the  instrument. 
Then  remove  the  thermom- 
eter and  read  it.  If  it  is 
above  normal,  you  have  a 
fever. 

What  might  happen  if  the 
temperature  of  the  room  was 
100°  F.  or  more? 
How  would  you  clean  the  thermometer  before  putting  it 


Lambert 

FIGURE  183.     Masks  like  these  are  used  to 
avoid  spreading  germs. 


away  again. 


FEVERS  AND  COLDS 


Fevers.  Fever  is  a  warning  sign  in  the  case  of  many 
germ  diseases.  A  mild  one  (of  less  than  a  degree  above 
normal)  may  not  indicate  anything  serious  unless  it  con- 
tinues from  day  to  day.  When  the  body  temperature 
gets  up  more  than  a  degree,  however,  the  person  is 
probably  ill,  and  may  need  the  advice  of  a  doctor. 
Meanwhile,  it  should  not  be  forgotten  that  fevers  do  not 
accompany  all  illnesses,  and  particularly  not  the  early 
stages.  Other  signs,  such  as  an  upset  stomach,  may  be 
the  first  warning  that  something  is  amiss. 

Common  colds.  Let  us  return  now  to  the  matter  of 
common  colds.  Despite  years  of  careful  study,  doctors 
are  not  certain  as  to  exactly  what  causes  them.  The 
evidence  does  tend  to  show  that  they  are  due  to  the 
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presence  of  one  or  more  viruses.  Viruses  are  b'quids 
that  will  pass  through  filters,  and  still  be  able  to  cause 
diseases.  They  are  not  organized  in  the  form  of  cells, 
but  the  effects  that  they  produce  are  similar  to  ordinary 
germ  diseases.  Common  colds,  for  example,  may 
clearly  be  passed  from  person  to  person.  A  good  way 
to  avoid  them  is  to  keep  away  from  people  who  have 
active  cases. 

When  you  get  a  common  cold,  other  germs  that  have 
been  in  your  nose  and  throat  sometimes  become  active. 
Such  germs  may,  for  instance,  be  located  in  your  tonsils. 
So  you  are  not  suffering  from  the  common  cold  alone, 
but  also  from  the  presence  of  these  other  invaders.  This 
is  one  reason  why  one  cold  may  be  very  different  from 
another.  There  is  also  the  possibility  that  there  actu- 
ally are  different  types  of  cold  viruses.  Usually,  colds 
are  not  very  dangerous  unless  they  are  accompanied 
by  high  fevers.  The  neglected  cold,  however,  may  be 
followed  by  a  more  serious  ailment,  such  as  pneumonia. 

Does  your  doctor  have  you  stay  in  bed  when  you  have 
a  cold?  There  are  at  least  two  reasons  why  this  is  a 
good  idea.  Colds  usually  clear  up  more  rapidly  if  the 
victim  is  resting.  Then,  too,  if  the  person  with  the  cold 
is  in  bed,  he  is  not  walking  around  and  giving  the  dis- 
ease to  a  host  of  other  people. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Make  a  survey  of  the  class  members  to  find  the 
average  number  of  colds  per  person  per  year.    Find  out 
what  precautions  they  take  to  avoid  colds  and  to  keep 
from  passing  them  on  to  other  people. 

2.  After  looking  up  the  references  at  the  end  of  this 
unit,  report  upon  influenza,  to  include:  (a)  Probable 
causes  of  the  disease;  (6)  How  attempts  are  made  to 
check  its  spread. 
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3.  After  consulting  public  health  records  prepare  a 
chart  of  common  germ  diseases  in  your  community. 
Indicate  in  each  case  how  people  get  such  illnesses. 


Problem-QuestionS    HOW    MAY    WE    TAKE    CARE 

OF     OUR     BODIES? 

Having  studied  germs  and  illness,  let  us  see  what  gen- 
eral care  the  body  must  have,  whether  or  not  it  is  threat- 
ened by  disease.  As  you  may  have  heard,  a  strong  body 
is  often  better  prepared  to  withstand  attacks  by  germs 
than  is  a  weak  one.  Then,  too,  you  should  remember 
that  not  all  illnesses  are  caused  by  germs.  Among  the 
structures  that  must  be  protected  against  injury  and 
germ  attacks  are  the  teeth.  Teeth  require  a  certain 
amount  of  care  if  they  are  to  remain  in  a  healthy  state. 
Let  us  see  why  this  is  the  case. 

Figure  184  shows  a  diagram  of  a  human  tooth.  You 
can  also  look  at  models,  pictures,  and  charts  that  are 
similar.  The  root  or  roots  of  a  tooth  lie  in  a  bony 
socket,  and  only  part  of  the  tooth  is  exposed.  The 
outer  covering  of  this  exposed  portion  is  made  up  of 

dense,  hard  enamel.  Then 
comes  a  much  thicker  layer 
of  the  softer  dentine.  In 
the  interior  of  the  tooth  is 
a  pulp  cavity,  which  con- 
tains nerve  endings  and 
blood  vessels. 

Can  you  see  why  a  tooth 
would  be  sensitive  to  some- 
thing very  hot  or  cold? 

What  might  happen  if  the 
enamel  became  cracked  or 
FIGURE  184  broken? 
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Dentine 


Pulp  cavity 


HEALTH  RULES 

Care  of  the  teeth.  The  teeth  should  be  brushed  at 
regular  intervals.  If  they  are  not  kept  clean,  particles 
of  food  and  other  materials  collect  in  the  spaces  between 
them.  So  do  various  germs,  which  may  not  be  very 
dangerous  to  general  health,  but  may  hasten  the  decay 
of  teeth.  A  regular  inspection  by  a  dentist  (about  every 
six  months)  is  a  very  good  idea,  because  small  breaks  in 
the  enamel  will  then  be  detected  before  cavities  become 
large.  Once  there  is  such  a  break  in  the  outer  layer,  it 
is  only  a  question  of  time  until  the  softer  dentine  be- 
comes badly  affected  and  the  tooth  begins  to  ache. 
Germs  that  live  in  and  about  diseased  teeth  can  be  car- 
ried to  other  parts  of  the  body  where  they  are  likely  to 
cause  even  more  serious  trouble. 

Eyes  and  ears.  Other  parts  of  the  body  that  require 
special  care  are  the  eyes  and  the  ears.  Eyes  can  be  in- 
jured by  reading  or  doing  work  in  light  that  is  either  too 
dim  or  too  glaring.  When  we  read  with  the  aid  of  a 
lamp,  the  light  should  be  allowed  to  pass  over  one 
shoulder  and  fall  upon  the 
printed  page.  Many  peo- 
ple have  eye  defects  of  one 
kind  or  another.  This  is 
why  it  is  a  good  idea  to 
have  the  eyes  examined 
and  see  whether  anything 
is  wrong.  Wearing  the 
right  kind  of  eyeglasses  will 
often  correct  difficulties  of 
sight. 

The  ears  are  also  rather 
delicate  structures  that 
may  be  badly  damaged  by 
thoughtless  actions.  As 


FIGURE  185.    The  right  way  to  use  a 
reading  lamp 


Nerve  to  brain> 


FIGURE  186. 


Tube  to 
throat 


Note  the  location  of  the  ear  drum  at  the  entrance  of 
the  middle  ear. 


someone  has  said,  no  person  but  the  doctor  should  try 
to  put  anything  smaller  than  an  elbow  in  the  human  ear. 
Only  a  short  distance  within  the  outer  cavity  of  an  ear 
is  the  eardrum,  which  can  easily  be  injured  or  destroyed. 
Other  safeguards  include  protecting  the  ears  against 
severe  cold,  and  from  being  under  water  too  much  of  the 
time  while  swimming  and  diving.  Even  blowing  the 
nose  may  injure  the  ears  if  it  is  not  done  properly.  When 
the  nose  is  held  too  tightly,  air,  and  mucus  containing 
germs,  may  be  forced  up  a  pair  of  tubes  that  connect 
with  the  ear  cavities. 

Other  health  rules.  Eating  the  proper  foods  (see  Unit 
Six)  and  getting  enough  rest  will  help  to  protect  the 
body.  People  vary  as  to  the  amount  of  sleep  that  they 
need,  but  most  of  them  require  about  eight  or  nine  hours 
per  day.  Keeping  clean  is  also  very  important.  Any 
dirt  that  collects  upon  the  skin  is  almost  certain  to  con- 
tain germs.  Fortunately,  the  skin  layer  keeps  most  of 
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them  out  of  the  body,  but  some  of  them  can  and  do  get 
in  through  the  pores,  scratches,  and  other  minor  breaks 
in  the  surface.  Such  rules  as  these  form  the  basis  of  a 
sound  health  program. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  If  you  can  obtain  a  tooth  from  the  skull  of  a  horse, 
dog,  or  any  other  large  animal,  saw  it  in  two  with  a  hack 
saw.     Observe  the  enamel  and  dentine  layers  and  the 
pulp  cavity. 

2.  Study  a  model  or  chart  of  the  human  ear.     Learn 
how  vibrations  pass  from  the  ear  drum  to  the  inner  ear. 
Find  out  how  the  ears  are  connected  with  the  throat 
cavity. 

3.  Examine  your  own  skin  with  the  aid  of  a  hand  lens 
or  reading  glass.     Note  the  many  pores.     Rub  a  little 
chalk  dust  over  the  skin  and  observe  by  means  of  a  lens 
how  it  collects  in  the  pores  and  the  openings  through 
which  hairs  emerge. 

4.  Obtain  or  make  a  reading  chart  to  test  eyesight. 
Compare  several  persons  as  to  their  ability  to  see  the 
smaller  letters  at  a  given  distance.     You  may  also  find 
differences  between  the  two  eyes  of  a  given  person. 
Discuss  how  nearsightedness  or  farsightedness  would 
affect  the  abilities  of  (a)  a  pilot,  (6)  the  driver  of  an 
automobile. 


ProblemB    HOW   CAN  WE   DEAL   WITH 

ACCIDENTS? 

Other  causes  of  bad  health  include  accidental  in- 
juries. "  Accidents  will  happen  "  has  come  to  be  a  com- 
mon saying.  True  enough,  there  are  a  lot  of  them, 
ranging  from  the  many  that  cause  only  minor  cuts, 
scratches,  and  bruises  to  those  that  result  in  death.  No 
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FIGURE  187.    The  old-style  grade  crossing 


doubt  you  have  sprained  an  ankle,  been  burned,  cut, 
or  scratched  on  more  than  one  occasion.  Such  things 
probably  will  happen  to  you  again  and  again.  It  is  a 
good  idea,  however,  to  guard  against  them  as  much  as 
you  can.  After  all,  it  is  only  a  step  from  the  finger  that 
is  cut  to  the  finger  that  is  cut  off. 

Figure  187  shows  the  scene  of  many  a  serious  acci- 
dent. It  is  the  grade  crossing,  which  is  still  to  be  found 
in  many  places.  Such  crossings  are  very  dangerous 
where  trees,  high  banks,  or  curves  hide  the  approach  of 
a  train.  Collisions  between  trains  and  automobiles 
are  likely  to  be  most  serious  —  especially  for  the  people 
in  the  automobiles.  Figure  188  shows  a  far  safer  sort 
of  crossing.  Here  the  highway  passes  under  the  tracks 
on  a  bridge.  There  is  no  need  to  "stop,  look,  ai?d 
listen." 
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FIGURE  188.    A  modern  highway,  with  center  division  and  modern 
overhead  crossing 


Probkm-Question  1  HOW  MAY  ACCIDENTS  BE 

AVOIDED? 

There  are  many  kinds  of  automobile  accidents. 
Some  of  them  do  not  amount  to  much,  nevertheless  thou- 
sands of  people  are  killed  on  our  highways  every  year. 
If  you  can  visit  a  scene  such  as  the  one  in  Figure  188, 
you  can  see  one  effort  that  is  being  made  to  keep  them 
from  happening.  Note  how  the  road  is  divided  into 
two  halves  by  a  raised  parking  that  separates  cars  going 
in  one  direction  from  those  going  the  other  way. 

You  might  think  that  this  precaution  would  not  be 
very  important,  but  in  so  believing,  you  would  be  wrong. 
Many  bad  accidents  occur  in  broad  daylight  on  dry, 
straight  roads.  Careful  studies  show  that  the  number  is 
greatly  reduced  if  the  road  is  sharply  divided  by  a  clearly 
marked  central  area  like  the  one  shown.  This  limits  the 
danger  to  cars  that  are  all  going  in  the  same  direction. 
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Can  you  think  of  a  reason  why  some  people  might  be 
likely  to  have  accidents  on  straight,  level  stretches  of 
road? 

ACCIDENTS 

Automobile  accidents.  Among  other  hazards  of  driv- 
ing are  busy  crossings  not  guarded  by  lights  or  stop 
signs.  Engineers  have  worked  out  a  much  safer  ar- 
rangement, such  as  that  shown  in  Figure  188.  In  this 
case  lights  and  stop  signs  are  not  needed.  It  is  un- 
necessary to  make  a  dangerous  left  turn.  All  cars  in  a 
given  lane  are  moving  in  the  same  direction. 

Poor  or  unskilled  drivers  are  also  likely  to  cause 
trouble.  Many  states  have  recognized  this  fact,  and 
require  that  candidates  for  drivers'  licenses  must  pass 
a  driving  test.  Even  so,  the  danger  remains,  because 
such  tests  are  not  given  by  some  states  and  do  not 
always  weed  out  the  poor  drivers  in  others.  Defective 
eyesight  can  be  one  cause  of  unskilled  driving.  Some 
people,  for  example,  are  not  likely  to  see  cars  coming 
from  either  side  until  it  is  too  late.  It  is  also  well  known 
that  some  people  cannot  act  quickly  enough  to  avoid 
sudden  dangers.  Other  causes  of  accidents  include  the 
drunken  driver,  whose  judgment  is  likely  to  be  poor  and 
whose  muscular  movements  have  been  slowed  down. 
Cars  in  poor  repair  are  responsible  either  directly  or  in- 
directly for  many  other  mishaps. 

Airplane  accidents.  Causes  of  airplane  accidents  are 
often  similar  to  those  that  have  just  been  discussed. 
You  probably  know  that  pilots  are  selected  and  trained 
with  great  care.  They  must  have  good  eyesight,  and 
their  muscles  must  respond  quickly  to  any  situation  that 
may  arise.  Well-trained  pilots  and  good  machines  have 
made  air  travel  safe  when  compared  with  many  other 
things  that  we  do.  Can  you  see  why  the  airplane 
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mechanic  is  just  as  important  as  the  man  who  keeps 
your  car  in  good  repair? 

Accidents  in  the  home.  As  has  been  suggested,  danger 
of  injury  is  by  no  means  limited  to  the  out-of-doors.  A 
great  many  mishaps  occur  in  and  about  the  home,  and 
often  they  could  be  prevented.  For  example,  all  stoves 
and  furnaces  should  be  carefully  watched  to  guard 
against  the  release  of  dangerous  gases.  Perhaps  you 
have  seen  the  blue,  flickering  flame  just  above  a  mass  of 
burning  coal.  This  flame  is  caused  by  the  burning  of 
carbon-monoxide  gas,  which  is  colorless,  odorless,  but 
deadly  if  inhaled  in  any  quantity.  Some  furnaces  and 
stoves  leak  enough  to  permit  its  escape  into  rooms.  This 
gas  also  is  discharged  from  the  exhausts  of  automobiles 
and  airplanes;  for  this  reason  one  should  never  leave  a 
motor  running  in  a  closed  garage  or  similar  building. 

A  small  rug  placed  at  the  foot  or  top  of  a  staircase 
may  be  the  cause  of  damaging  falls.  Many  people  have 
been  injured  getting  in  or  out  of  wet,  soapy  bathtubs. 
Escaping  gas  in  a  kitchen  has  often  been  caused  to  ex- 
plode by  the  pilot  light  of  a  gas  stove.  Kitchens  in  gen- 
eral are  places  where  one  is  likely  to  receive  cuts  and 
burns. 

Avoiding  accidents.  These  facts  do  not  mean  that 
it  is  unsafe  to  live  in  a  house,  to  use  a  kitchen  or  a  bath- 
room, or  to  ride  in  an  automobile  or  airplane.  They  do 
suggest,  however,  the  need  of  planning  to  avoid  acci- 
dents. Safe  highways  and  crossings,  skillful  drivers, 
well-trained  pilots,  cars  and  airplanes  in  good  repair, 
furnaces  that  are  properly  operated,  and  rooms  that  are 
well  arranged  all  help. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Look  up  the  automobile  accident  record  of  your 
community  or  state  for  the  last  ten  years.  Make  a 
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chart  which  compares  this  rate  with  population,  and 
the  number  of  registered  cars  for  each  year.  Be  able  to 
show  whether  (a)  fatal  accidents,  and  (6)  injuries  are  on 
the  increase. 

2.  Keep  a  record  of  minor  injuries  suffered  by  mem- 
bers of  the  class  over  a  period  of  a  month.     Note  the 
nature  and  causes  thereof  and  discuss  how  the  various 
kinds  of  accidents  might  have  been  avoided. 

3.  After  looking  up  the  references  at  the  end  of  this 
unit,  report  upon  how  carbon  monoxide  affects  the 
human  body. 

4.  Construct  a  model  of  a  modern  highway,  with  a 
crossroad  similar  to  the  one  shown  in  Figure  188. 


Problem-Question  2    WHAT    SHOULD    BE    DONE 

ABOUT     MINOR     INJURIES? 

Since  you  are  likely  to  have  some  small  mishaps  no 
matter  how  careful  you  may  be,  you  should  know  how 
to  care  for  common  injuries.  Among  them  are  many 
minor  cuts  and  burns.  In  themselves,  they  are  not  dan- 
gerous, because  new  cells  soon  form,  and  the  damaged 
area  heals  within  a  few  days  if  all  goes  well.  There  is, 
however,  the  possibility  that  germs  will  get  into  any 
kind  of  wound  and  cause  a  lot  of  trouble.  It  is  for  this 
reason  that  we  put  iodine  solution  upon  a  cut  and  cover 

it  with  a  simple  bandage. 

FIGURE  189.     A  simple  bandage  for  a  (See  Figure  189.) 

You  may  be  interested 
to  see  what  an  antiseptic 
like  iodine  solution  will  do. 
If  you  have  some  protozoa 
(small  organisms)  from  a 
pond  culture,  the  following 
experiment  can  be  per- 
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formed.  Put  some  of  the  protozoa  in  a  small  glass  dish 
on  the  stage  of  a  microscope  (or  microprojector)  and 
focus  upon  them.  Now  add  iodine  solution  to  the  cul- 
ture from  a  pipette,  drop  by  drop.  When  the  protozoa 
encounter  even  small  amounts  of  the  iodine  solution  in 
the  water,  they  will  suddenly  cease  to  move.  Most  of 
them  are  quickly  killed. 

Does  the  fact  that  these  protozoa  are  killed  insure  that  all 
germs  would  likewise  be  killed? 

CUTS  AND  BURNS 

Cuts.  Of  course,  the  answer  to  the  foregoing  question 
is  "  No."  Some  germs  are  much  harder  to  kill  than  the 
protozoa  of  a  pond  culture.  But  iodine  solution  is  a 
good  antiseptic,  and  if  properly  used,  will  control  most 
of  the  things  that  may  have  got  into  a  shallow  cut.  The 
word  antiseptic  means  that  it  will  prevent  the  increase 
of  germs  and  sometimes  kill  them.  Such  antiseptics, 
being  poisons,  are  only  for  external  use.  They  should 
never  be  swallowed,  and  should  be  kept  out  of  the  reach 
of  small  children  or  anyone  who  might  put  them  in  his 
mouth  accidentally. 

The  area  around  a  small  cut  should  first  be  cleaned 
by  using  a  wad  of  cotton  soaked  in  alcohol.  Always 
wipe  from  the  cut  outward,  so  that  you  do  not  get  dirt 
into  the  broken  tissues.  Then  the  iodine  solution  is 
applied  to  the  wound  and  allowed  to  dry.  Next,  the 
injury  is  covered  with  a  loose  gauze  bandage,  such  as 
the  one  shown  in  Figure  189.  The  gauze  should  be 
sterile,  which  means  that  it  is  free  from  germs.  A  band- 
age can  sometimes  be  secured  in  place  by  tying  ends  of 
the  gauze  together.  Otherwise,  adhesive  tape  may  be 
used. 

Bandages.  The  main  purpose  of  the  bandage  is  to 
keep  dirt  and  germs  from  getting  into  the  wound.  But 
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FIGURE  190.    Some  useful  things  for  the  first-aid  kit 


it  should  not  be  put  on  too  tightly.  To  do  so  might 
interfere  with  circulation  of  the  blood  and  keep  air  from 
reaching  the  injury.  Both  of  these  things  would  favor 
the  growth  and  success  of  germs  should  any  be  present. 

Burns.  Burns  are  a  different  kind  of  injury  and 
other  methods  must  be  used.  Deep  burns,  or  those  that 
cover  a  large  expanse  of  skin,  can  be  very  dangerous  and 
call  for  the  services  of  a  doctor.  The  milder  types  are 
limited  to  a  reddening  of  the  skin  or  a  small  blistered 
area.  They  are  uncomfortable,  but  not  likely  to  be 
serious  unless  germs  develop  colonies  in  places  where  the 
skin  has  been  broken.  Such  burns  should  not  be  cov- 
ered with  ordinary  salves,  oils,  or  greases,  and  should 
not  be  treated  with  iodine.  One  good  thing  to  do  is  to 
apply  a  loose  bandage  of  sterile  gauze  after  putting 
tannic-acid  jelly  upon  it.  Another  is  to  apply  a  loose 
bandage  that  has  been  soaked  in  soda  solution.  To 
make  such  a  solution,  dissolve  four  tablespoonfuls  of 
baking  soda  in  a  quart  of  water. 

During  every  vacation  season  many  people  suffer  dis- 
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comfort  and  even  serious  injury  from  sunburn.  It  is 
like  the  burn  that  you  get  from  a  hot  stove,  except  that 
you  are  sunburned  more  slowly.  Such  an  unpleasant 
experience  can  be  avoided  if  cautions  are  observed.  A 
good  method  is  to  begin  the  summer  season  with  only  a 
short  exposure  of  the  skin  to  the  sun's  rays.  Then  in- 
crease the  time  of  exposure  each  day,  little  by  little,  so 
that  the  skin  becomes  tanned  gradually.  Remember 
that  beaches  with  white  sands  are  likely  to  be  very  de- 
ceptive. The  sand  reflects  rays  of  the  sun,  and  a  person 
with  a  white  skin  can  be  badly  burned  even  on  what 
appears  to  be  a  dull  and  somewhat  cloudy  day. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  Exhibit  the  contents  of  a  first-aid  kit,  and  show 
the  uses  of  the  various  items. 

2.  Learn  to  make  simple  bandages  that  could  be  used 
on  (a)  a  finger,  (6)  the  back  of  a  hand,  and  (c)  an  arm. 

3.  After  looking  up  the  references  at  the  end  of  this 
unit,  show  how  bleeding  may  be  checked  in  the  case  of  a 
cut  which  has  severed  a  large  blood  vessel. 

4.  Repeat  the  experiment  in  which  drops  of  iodine 
solution  are  added  to  a  culture  of  protozoa,  but  in  this 
case  use  alcohol  instead  of  iodine. 

5.  After  consulting  the  references,  report  upon  why 
deep  wounds  (of  the  puncture  type)  are  likely  to  be 
dangerous. 


Problem-QuestionS    WHAT   is   FIRST   AID? 

The  treatment  of  minor  cuts  and  burns  described  in 
the  preceding  pages  is  one  type  of  first  aid.  In  the 
case  of  certain  more  serious  injuries,  it  is  sometimes  a 
good  idea  to  do  certain  things  at  once,  even  though  a 
doctor  has  been  called.  An  example  would  be  what 
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FIGURE  191.     A  tourniquet  applied  to  the 
upper  arm 


•  i  - :-;-' "  '  one  mi&nt  do  to  check  rapid 
bleeding  from  a  wound. 
Such  measures  would  also 
be  called  first  aid. 

Look  at  the  device  shown 
in  Figure  191.  Perhaps 
you  will  even  want  to  try 
making  one  of  them.  It  is 
a  tourniquet,  and  often 
proves  to  be  very  useful  in 
checking  rapid  loss  of  blood 
from  a  severed  artery.  A 

Li  TO  couple  of  handkerchiefs,  or 

K  V  a  belt  and  a  handkerchief, 

may  be  used  in  making  one, 
but  it  should  be  three  or 
four  inches  wide  if  pos- 
sible. 

Let  us  assume  that  we  are  using  a  large  handker- 
chief instead  of  a  belt.  We  fold  the  cloth  to  form  a 
band  about  three  inches  wide.  Then  put  this  around 
the  arm  (twice  if  possible),  between  the  wound  and 
the  body.  A  good  place  for  the  tourniquet  is  four  or 
five  inches  below  the  arm  pit.  It  would  be  placed 
in  a  similar  position  on  a  leg;  namely,  around  the 
thigh.  Now  tie  the  ends  of  the  band  together  with 
a  loose  knot,  place  a  stick  just  above  this  knot,  and 
then  tie  again.  Next,  fold  another  handkerchief  to 
form  a  pad,  which  is  put  between  the  tourniquet  and 
the  flesh,  and  on  the  inside  of  the  arm  or  thigh. 
This  pad  will  press  upon  the  blood  vessel  as  the  stick 
is  turned  and  the  tourniquet  tightened.  The  pres- 
sure should  be  just  enough  to  shut  off  flow  of  blood, 
and  should  not  be  kept  up  for  more  than  fifteen  minutes 
at  a  time.  The  tourniquet  should  be  loosened  every 
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now  and  then,  and  only 
tightened  again  if  the 
blood  begins  to  flow  once 
more. 

Why  might  it  be  danger- 
ous to  shut  off  circulation 
for  a  long  time? 

Why  is  the  tourniquet 
placed  between  the  wound 
and  the  body? 


FIGURE  192.     Support  for  a  fractured  fore- 
arm, made  by  using  a  folded  newspaper 


FIRST  AID 

A  tourniquet  can  be  very  necessary  in  case  of 
emergency.  It  may  prevent  serious  loss  of  blood  from 
an  artery  that  would  otherwise  occur  before  a  doctor 
could  arrive.  On  the  other  hand,  it  can  be  dangerous  if 
circulation  is  cut  off  for  too  long  a  time.  This  tends  to 
favor  the  development  of  infection  in  the  injured  parts. 

Blood  may  also  flow  quite  freely  if  a  large  vein  is  cut. 
This  situation,  however,  can  usually  be  met  by  binding 
a  pad  fairly  tightly  over  the  wound  for  a  short  time. 
Elevating  the  injured  part  also  helps,  because  this  tends 
to  keep  blood  out  of  that  region.  Blood  in  veins  is  not 
under  as  great  pressure  as  blood  in  arteries,  and  normal 
clotting  will  often  stop  the  flow. 

Fainting.  When  a  person  faints  he  should  be  placed 
on  his  back  and  tight  clothing  loosened.  Raising  the 
feet  a  little  is  a  good  idea,  because  blood  then  tends 
to  go  to  the  head  where  it  is  so  badly  needed.  Some 
cold  water  sprinkled  on  the  face  or  a  whiff  of  aromatic 
spirits  of  ammonia  may  hasten  revival.  Otherwise,  a 
doctor  should  be  called  at  once. 

Broken  bones.  Another  type  of  emergency  arises 
when  an  arm  or  leg  is  injured,  and  it  is  suspected  that  it 
may  be  broken.  Obviously,  such  an  injury  should  be 
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treated  carefully,  at  least  until  it  can  be  examined  by  a 
doctor.  Any  movement  of  the  damaged  part  should  be 
avoided.  Often  it  becomes  necessary  to  support  an 
arm  with  splints,  so  that  it  can  safely  be  put  in  a 
sling.  The  splints  can  be  a  couple  of  wooden  strips,  or 
even  newspapers  folded  lengthwise.  These  are  wrapped 
with  cloth  and  placed  on  either  side  of  the  injured  limb. 
Then  they  are  tied  in  place  at  both  ends.  Another  way 
is  to  use  a  magazine  or  a  thick  newspaper  wrapped 
around  an  arm  as  shown  in  Figure  192.  The  first-aid 
worker  should  not  attempt  to  "set"  broken  bones. 
This  is  a  job  for  the  doctor. 

These  suggestions  for  dealing  with  accidents  do  not  in 
any  way  take  the  place  of  the  advice  of  a  doctor,  who 
should  examine  any  but  the  simplest  type  of  injury. 
You  should  also  learn  not  only  the  exact  treatment 
suggested  here,  but  decide  how  you  could  use  other 
materials  in  an  emergency.  If  you  are  familiar  with 
what  should  be  done  when  an  accident  occurs  and  if 
you  practice  these  treatments  frequently,  you  will  be 
able  to  deal  coolly  and  efficiently  with  real  injuries. 

SOME  THINGS  YOU  MAY  CARE  TO  DO 

1.  After  examining  the  references  at  the  end  of  this 
unit,  report  upon  the  differences  between  veins  and 
arteries. 

2.  Learn  to  make  a  bandage  in  which  a  pressure  pad 
is  used  over  the  wound  (see  references). 

3.  Learn  how  to  apply  artificial  respiration  (Red 
Cross  First  Aid  Text-Book) .    Show  how  this  is  done,  and 
be  able  to  explain  cases  in  which  the  method  is  useful. 

4.  After  looking  up  the  references,  report  upon  how  a 
tourniquet  is  used  in  cases  of  venomous  snake  bite. 
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REVIEW  QUESTIONS 

1.  What  does  the  small  size  of  germs  have  to  do  with  the  fact 
that  they  are  dangerous? 

3-  What  are  two  places  in  which  accidents  commonly  take  place? 

3.  Why  were  the  cities  of  ancient  Rome  dangerous  places  in 
which  to  live? 

4.  Are  all  diseases  caused  by  germs? 

5.  Of  what  is  a  system  of  the  human  body  composed? 

6.  What  ofgans  are  located  in  the  thorax?    The  abdomen? 

7.  What  are  the  functions  of  the  digestive  system?    The  circula- 
tion?   The  nervous  system? 

8.  Where  may  germs  be  found?    In  what  ways  may  they  get  into 
the  human  body? 

9.  Why  are  pure  foods  and  a  pure  water  supply  desirable  for 
health? 

10.  What  are  some  defenses  of  the  human  body  against  germs? 

11.  How  are  insects  concerned  with  the  spread  of  diseases?    What 
types  of  insects  are  particularly  dangerous? 

12.  How  can  you  find  out  whether  or  not  a  person  has  a  fever? 

13.  What  are  two  general  reasons  why  it  is  a  good  idea  to  stay  in 
bed  if  you  have  a  cold? 

14.  How  can  you  explain  the  fact  that  all  colds  do  not  seem  to 
affect  you  in  the  same  way? 

15.  Why  is  it  a  good  idea  to  keep  the  teeth  clean? 

16.  What  things  can  be  done  to  protect  the  eyes  and  ears? 

17.  Why  is  it  desirable  that  the  skin  be  kept  clean? 

18.  What  are  some  of  the  important  causes  of  automobile  acci- 
dents?   How  may  they  be  reduced  in  number? 

19.  What  are  some  dangers  to  be  found  within  the  home,  and  how 
may  they  be  avoided? 

20.  How  would  you  deal  with  a  small  cut?    A  minor  burn? 

21.  Why  is  iodine  solution  called  an  antiseptic,  and  what  does  this 
word  mean? 

22.  How  could  you  stop  bleeding  from  a  severed  artery? 

23.  Why  is  it  unsafe  to  apply  a  tourniquet  for  a  long  period  of  time? 

24.  What  should  be  done  to  aid  a  person  who  has  fainted? 

TEST  ON  THE  UNIT 

Do  not  write  in  this  book 
A.  If  you  have  read  the  materials  of  this  unit  carefully,  you 
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should  be  able  to  pick  out  the  best  response  for  each  of  the  following 
items.  Number  1  to  5  on  a  sheet  of  paper,  and  indicate  your  choice 
in  each  case. 

1.  One  of  the  following  organs  does  not  lie  in  the  body  cavity 
known  as  the  abdomen.     Which  is  it?     (a)  stomach,  (b)  liver, 
(c)  kidney,  (d)  pancreas. 

2.  All  germs  are  alike  in  that  they  (a)  live  only  in  liquids,  (6) 
cause  diseases,  (c)  enter  the  body  by  way  of  the  mouth,  (d)  are 
carried  by  insects. 

3.  A  drug  commonly  used  to  kill  malaria  germs  is  (a)  aspirin, 
(6)  soda,  (c)  calomel,  (d)  quinine. 

4.  Two  diseases  man  is  likely  to  get  through  the  agency  of  mos- 
quito bites  are  malaria  and  (a)  yellow  fever,  (6)  cancer,  (c)  tubercu- 
losis, (cQ  common  cold. 

5.  Common  colds  are  now  thought  to  be  caused  by  (a)  overeating, 
(b)  viruses,  (c)  getting  the  feet  wet,  (d)  bacteria. 

B.  Decide  what  you  should  do  in  each  of  the  following  cases. 
Write  your  decision  on  a  piece  of  paper;  then  check  your  answers 
with  your  teacher. 

1.  You  wake  up  with  a  headache,  your  eyes  are  watery,  and 
when  you  or  someone  else  takes  your  temperature,  it  is  102°  F. 

2.  You  observe  a  discolored  spot  near  the  base  of  one  of  your 
teeth.     £t  burns  when  you  put  very  warm  or  cold  things  in  your 
mouth. 

3.  It  is  the  first  day  of  the  vacation  season,  the  sun  is  shining,  and 
you  are  in  your  bathing  suit  sitting  on  a  beach.     You  notice  that 
the  skin  of  your  legs  is  beginning  to  smart  and  look  a  little  bit  red. 

4.  You  wonder  whether  or  not  alcohol  will  kill  germs.     How 
would  you  find  out? 

5.  You  have  a  small  cut  on  the  hand,  and  the  skin  of  the  hand  is 
dirty.    You  want  to  clean  it  before  applying  iodine  solution  and  a 
bandage.     How  do  you  do  this? 

SOME  BOOKS  YOU  MAY  CARE  TO  READ 

AMERICAN  RED  CROSS,  First  Aid  Text-Book 
DEKRUIF,  PAUL,  Microbe  Hunters 
FITZPATRICK,  F.  L.,  The  Control  of  Organisms 
HAGGARD,  H.  W.,  The  Science  of  Health  and  Disease 
PALMER,  B.  B.,  Paying  Through  Teeth 
SMITH,  EDITH  L.,  Everyday  Science  Projects 
WILLIAMS,  J.  F.,  Healthful  Living 
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GLOSSARY 


Abdomen  (ab-do'm6n).  The  part  of 
the  body  cavity  below  the  dia- 
phragm. (See  diaphragm.) 

Adaptation  (ad'ap-ta/shwn).  A  struc- 
ture or  an  action  of  a  plant  or  an 
animal  which  enables  it  to  meet 
existing  conditions  of  life. 

Air  (ar).  A  mixture  of  gases,  including 
nitrogen,  oxygen,  and  carbon  diox- 
ide. Makes  up  the  atmosphere. 

Airplane  (ar'planO-  An  aircraft  which 
is  heavier  than  air,  and  is  propelled 
by  one  or  more  motors. 

Air  pressure  (ar  presh'er).  The  pres- 
sure of  the  air  or  atmosphere.  (See 
pressure.) 

Animal  (animal).  Any  member  of 
the  animal  group,  as  distinguished 
from  a  plant. 

Antiseptic  (an'tl-sep'tlk).  A  substance 
which  arrests  the  growth  of  germs, 
and  sometimes  kills  them. 

Artesian  well  (ar'te'zhan  wel).  A 
flowing  well  which  usually  taps 
water-bearing  layers  some  distance 
below  the  surface. 

Atmosphere  (afmos-f^r).  The  air 
mass  which  surrounds  the  earth. 

Bearing  (bar'mg).  A  part  in  which  a 
shaft,  axle,  or  pin  turns. 

Blood  (blud).  The  circulatory  fluid  of 
higher  animals  and  man.  Consists 
of  a  liquid  called  plasma,  in  which 
red  and  white  blood  cells  are  found. 

Boulder  (bol'der).  A  large,  loose  rock, 
whose  surface  has  been  rounded. 

Brain  (bran).  The  central  control  of 
the  nervous  system,  which  is  located 
in  the  head  region. 

Breathing  (breth'mg).  The  act  of  tak- 
ing in,  and  expelling  air  from  the 
lungs. 

Camera  (kam'er-d).  Any  mechanism 
for  taking  pictures. 

Carbohydrate  (kar'bo-hl'drat).  A  ma- 
terial present  in  the  cells  of  plants 
and  animals,  and  the  foods  that  we 
eat.  Examples  are  starches  and 
sugars. 

Carbon  dioxide  (kar'btfn  d!-6k'sld). 
One  of  the  gases  found  in  air.  A 
waste  product  of  animals,  it  is  used 
by  green  plants  in  food  making. 
Colorless  and  odorless. 

Carbon  monoxide   (kar'btfn   mon-6k'- 


sld).  A  colorless,  odorless,  very 
poisonous  gas.  It  is  given  off  by 
automobile  engines. 

CeU  (sel) .  Unit  in  the  body  of  a  plant 
or  an  animal.  Surrounded  by  a 
membrane,  and  in  some  cases  by  an 
outer  wall.  Filled  with  the  living 
substance. 

Chlorophyll  (klo'ro-fn).  A  material 
found  in  green  plants.  It  is  the  sub- 
stance which  makes  them  green,  and 
enables  them  to  manufacture  foods. 

Circulatory  system  (sur'ku-lci-to'rl  sls'- 
tcm).  System  of  the  body  which  in- 
cludes the  heart  and  blood  vessels, 
as  well  as  the  blood  which  passes 
through  these  structures. 

Cloud  (kloud).  A  visible  mass  of 
water  droplets  in  the  air.  May  also 
be  a  mass  of  dust  particles  (cloud  of 
dust),  or  any  other  particles. 

Coal  (kol).  Fuel  formed  from  plant 
material  that  has  undergone  partial 
decay  and  pressure  over  a  long 
period  of  time. 

Common  cold  (kSm'wn  kold).  A 
disease  of  the  breathing  structures, 
probably  caused  by  a  virus,  or 
viruses. 

Condensation  (kon/den'sa/srmn).  The 
act  of  changing  from  one  form  of 
matter  to  a  denser  form,  as  when 
steam  cools  and  condenses  to  form 
water. 

Conglomerate  (kon-glom'er-rt).  A  rock 
made  up  of  rounded  rock  fragments, 
varying  in  size,  which  have  been 
cemented  together. 

Continental  shelf  (kdn-ti-nen'tal  shelf). 
Shallow  area  of  the  sea  along  the 
borders  of  continents. 

Control  (kon-trol).  In  experiments,  a 
check  upon  the  result.  It  tends  to 
make  sure  that  the  result  is  due  to 
a  given  factor  or  factors,  and  would 
not  have  come  about  by  accident. 

Dentine  (dSn'ten).  The  softer  ma- 
terial which  lies  beneath  the  outer 
enamel  of  a  tooth.  (See  enamel) 

Diaphragm  (dl'd-fram).  A  muscular 
structure  which  separates  the  thorax 
from  the  abdomen  in  the  human 
body. 

Digest  (dl-jest').  The  process  in  which 
complex  foods  are  broken  down  so 
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that  they  can  be  used  by  the  body. 

Digestive  system  (dl-jes'tlv  sls'tem). 
The  system  of  organs  and  related 
structures  which  carries  out  the 
processes  of  digestion.  Includes  the 
stomach  and  intestines. 

Dinosaur  (dl'no-sor).  Member  of  a 
long-extinct  group  of  reptiles.  Dif- 
ferent kinds  of  dinosaurs  varied  in 
size  from  some  that  were  no  larger 
than  a  small  bird  to  others  that 
weighed  almost  fifty  tons. 

Dissolve  (di-zolv')-  To  go  into  solu- 
tion. (See  solution.} 

Distill  (dfe-til').  In  distilling  water 
the  liquid  is  heated  to  form  steam. 
The  steam  is  then  condensed  by 
passing  it  through  a  cold  coil  or  pipe. 
Thus  pure  water  is  obtained,  and 
solid  impurities  are  left  behind. 

Dry  ice.  (dri  is).  Carbon  dioxide  in 
solid  form. 

Duct  (dukt).  A  tube  or  canal.  Many 
glands,  for  example,  discharge  their 
secretions  through  ducts. 

Electric  current  (6-lek'trIk  kur'ent). 
Particles  of  electricity  flowing 
through  some  substance,  such  as  a 
wire. 

Electricity  (e'-leVtrfe'S-tl).  The  ma- 
terial out  of  which  all  matter  is 
built  up. 

Enamel  (en«am'el).  The  hard  outer 
covering  of  teeth  above  the  gum 
line. 

Energy  (en'er-ji).  The  ability  to  do 
work. 

Erosion  (S-ro'zhwn).  The  wearing 
away  of  soil  or  land.  Often  caused 
by  the  actions  of  wind  and  running 
water. 

Evaporation  (S-vap'o-ra/srmn).  Form- 
ing of  a  vapor  from  a  liquid  or  a 
solid.  Thus  water  of  a  lake  may 
evaporate  to  become  water  vapor  in 
the  air. 

Fat  (fat).  Material  found  in  cells  and 
the  foods  that  we  eat.  Common  ex- 
amples are  plant  oils  and  the  fats 
in  meats. 

Fever  (fe'ver).  Condition  in  which  the 
temperature  of  the  body  rises  above 
the  normal  level. 

Filter  (ffl'ter).  To  pass  a  liquid 
through  some  porous  substance  such 
as  soft  paper  or  charcoal.  This  re- 
moves particles  of  solid  matter  from 
the  liquid. 

Fire  (fir).  Burning  material.  It  repre- 
sents rapid  combination  with  oxygen. 

Flower  (flou'er).     Special  structure  of 


some  higher  plants  wrhich  gives  rise 

to  fruits  and  seeds. 

Force  (fors).    A  push  or  pull  acting  be- 
tween two  bodies  of  matter. 
Fossil  (fSs'Il).     An  evidence  of  prehis- 
toric life.     There  are,  for  example, 

such  things  as  fossil  skeletons,  fossil 

eggs,  and  fossil  footprints. 
Friction  (frlk'srmn).    The  resistance  to 

motion  when  one  body  is  moving  in 

contact  with  another.     Thus,  there 

is  friction  when  a  bicycle  tire  (one 

body)  moves  along  a  sidewalk  (the 

other  body). 
Fuel  (fu'el).       Anything  that  can  be 

burned.     Fuels  in  common  use  are 

wood,  oils,  and  coal. 
Fulcrum  (ful'kr'um).     The  support  for 

a  lever. 
Fungus    (fung'g#s).        Member  of  a 

group  of  plants  which  do  not  contain 

chlorophyll,  and  cannot  make  foods. 

Included  are  mushrooms,  mildews, 

rusts,  and  smuts. 
Gas  (gas).       One  form  of  matter,  in 

which  it  has  no  size  or  shape,  and 

tends  to  expand. 
Germ  (jurm).      Disease-causing  plant 

or  animal,  too  small  to  be  seen  by 

the  unaided  eye. 
Geyser  (gl'zer).      A  spring  which  now 

and  then   throws  up  quantities  of 

hot  water  or  steam. 
Glacier  (gla'sher).      A  slowly-moving 

field  or  mass  of  ice.      Glaciers  form 

where    annual    snowfall    is    greater 

than  the  annual  melting  of  snow  and 

ice. 
Glider   (glid'er).        Aircraft  which  is 

heavier  than  air  but  is  not  propelled 

by  a  motor. 
Granite  (gran'it).    One  type  of  igneous 

rock.     Its  materials  are  in  the  form 

of  visible  crj'stals. 
Gravel   (grav'el).        A  mass  of  loose, 

rounded  rocks  coarser  than  sand. 
Gravity  (grav'i-ti).     Force  which  pulls 

all  things  toward  the  center  of  the 

earth. 
Green  plant   (gren  plant).        A  plant 

which  contains   chlorophyll  and  is 

able  to  make  foods. 
Hard  water    (hard   wo'ter).        Water 

which    carries    certain    minerals    in 

solution. 
Heart  (hart) .    A  muscular  organ  which 

is  the  pumping  structure  of  the  cir- 
culatory system. 
Housefly  (hous'fli).      A  common  type 

of  two-winged  fly,   often  found  in 

and  about  homes. 
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Iceberg  (Is'burgO.  A  large  mass  of  ice 
which  has  broken  free  from  a  glacier 
and  is  floating  in  the  sea. 

Igneous  rock  (Ig'ne'-ws  rok).  Type  of 
rock  formed  when  melted  rock  cools 
and  becomes  solid  again.  There  are 
many  kinds  of  igneous  rocks. 

Immunity  (I-mu'nMfl).  The  ability 
to  resist  an  invasion  of  germs,  and 
avoid  the  disease  that  they  might 
cause. 

Intestine  (m-teVtm).  In  man,  the 
part  of  the  digestive  canal  which 
follows  the  stomach.  It  includes  a 
small  intestine  and  a  large  intes- 
tine. 

Lava  (la/vet).  Melted  rock  that  flows 
or  erupts  from  a  volcano.  Also 
called  lava  after  it  has  cooled  and 
hardened. 

Leaf  (lef).  Structure  which  grows 
from  a  plant  stem.  A  pine  needle 
is  a  leaf,  as  are  the  broad  leaves  of 
many  plants. 

Lever  (le'ver).  A  pry  or  bar  which  is 
turned  around  a  fulcrum.  One  of 
the  simple  machines. 

Limestone  (lim'ston).  A  sedimentary 
rock  made  up  largely  of  the  sub- 
stance calcium  carbonate. 

Liquid  (Hk'wid).  A  fluid  that  will  flow 
freely,  like  water.  One  of  the  three 
common  states  of  matter. 

Lung  (lung) .  A  breathing  organ.  The 
structure  in  which  the  blood  re- 
ceives oxygen  and  gives  off  carbon 
dioxide. 

Machine  (md-shen').  A  device  to  do 
work  faster  or  more  easily.  Trans- 
mits and  modifies  force  or  motion. 

Marble  (mar'b'l).  A  rock  which  re- 
sults when  limestone  has  undergone 
great  pressure. 

Matter  (mat'er).  Any  physical  sub- 
stance or  material.  The  three  com- 
mon forms  of  matter  are  solids, 
liquids,  and  gases. 

Metamorphic  rock  (meVd'mor'fKk  rok). 
Either  sedimentary  or  igneous  rock 
that  has  been  changed  by  great 
pressure. 

Micro  projector  (mi'kro-pro-je'k'ter). 
An  instrument  used  to  show  micro- 
scope slides  on  a  screen. 

Microscope  (mi'kro-skop).  An  instru- 
ment containing  a  combination  of 
lenses  used  to  make  small  objects 
visible. 

Mosquito  (mws'ke'to).  Member  of  a 
group  of  insects  which  are  two- 
winged  flies.  Females  have  pierc- 


ing mouth  parts  which  enable  them 
to  suck  blood. 

Motor  (mo'ter) .  A  gasoline  engine,  or 
an  electric  motor.  Steam  engines 
and  windmills  are  also  motors. 

Nervous  system  (nur'vws  sls'tem).  The 
system  of  nerve  cells  in  the  body. 
Central  structures  are  the  brain  and 
the  spinal  cord. 

Nitrogen  (m'tro-jen).  A  colorless, 
odorless,  and  tasteless  gas,  which 
makes  up  almost  four  fifths  of  air. 

Nutrient  (nu'trl-ent).  A  food  sub- 
stance necessary  for  nourishment. 
Nutrients  include  proteins,  carbo- 
hydrates, fats,  and  minerals. 

Organ  (or'gan).  A  group  of  tissues 
which  work  to  perform  a  special 
function  in  the  body. 

Oxygen  (ok'si-jen).  A  colorless,  odor- 
less, tasteless  gas  which  forms  about 
one  fifth  of  air.  Combines  with  the 
gas  hydrogen  to  become  water. 

Peat  (pet).  A  young,  soft  form  of 
coal.  Like  coal,  it  is  made  up  of 
plant  remains  that  have  partially 
decayed. 

Plant  (plant) .  A  living  thing  which  is 
not  an  animal. 

Plastic  (plas'tik).  A  substance  which 
can  be  moulded.  Modern  plastics 
are  made  out  of  such  things  as 
petroleum,  wood  fiber,  and  the  pro- 
teins of  milk  and  certain  plants. 

Pressure  (presh'er).  Caused  by  one 
force  acting  against  another  force. 
Thus  a  rock  may  press  down  upon 
the  hand  which  holds  it. 

Protein  (pro'tMn).  One  kind  of  sub- 
stance found  in  living  things  and  in 
foods. 

Protoplasm  (pro'to-pl£z'm).  The  liv- 
ing substance  in  the  cells  of  plants 
and  animals. 

Pulley  (pool'i).  One  of  the  simple 
machines.  A  grooved  wheel  around 
which  a  rope  or  chain  passes.  It 
changes  the  direction  and  point  of 
application  of  a  force. 

Reforestation  (re'fSr-es'ta/srmn).  The 
act  of  planting  trees  to  restore  for- 
ests that  have  been  cut  down. 

Reproduction  (re'pro-duk'srmn).  The 
production  of  offspring  by  plants 
and  animals. 

Resistance  (rS-zfe'tans).  An  opposing 
force.  Also  the  opposition  of  any 
material  to  the  passage  of  an  electric 
current. 

Rickets  (rfk/Sts).  A  condition  in  which 
the  bones  do  not  harden  properly 
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during  childhood.  Can  be  prevented 
if  enough  vitamin  D  is  in  the  diet. 

Rock  (rflk).  Any  part  of  the  solid 
matter  which  makes  up  the  crust  of 
the  earth. 

Root  (root).  Portion  of  a  plant  which 
often  (but  not  always)  grows  under- 
ground. Does  not  develop  leaves  or 
reproductory  structures. 

Sailplane  (sal'planO-  A  glider  which 
is  able  to  rise  with  an  upward  cur- 
rent of  air. 

Sandstone  (sand'ston7).  A  sedimen- 
tary rock  largely  made  up  of  sand 
particles  that  have  been  cemented 
together. 

Scurvy  (skur'vi).  A  disease  that  de- 
velops when  the  diet  does  not  con- 
tain enough  vitamin  C. 

Sedimentary  rock  (sed'S-meVtd-rl  rok). 
Rock  that  has  been  formed  from  sed- 
iments, such  as  mud,  sand,  or  lime. 

Seed  (sed).  Reproductory  structure  of 
a  higher  plant.  From  it  a  new  plant 
may  grow. 

Shale  (shal).  A  sedimentary  rock 
formed  from  mud  or  clay. 

Slate  (slat).  A  metamorphic  rock. 
Formed  when  shale  undergoes  great 
pressure. 

Soil  (soil).  A  mixture  of  rock  frag- 
ments and  the  decayed  remains  of 
plants  and  animals.  Soils  include 
loam,  clay,  sand,  and  gravel. 

Solid  (s51'Id).  One  of  the  common 
forms  of  matter.  A  substance  that 
is  not  a  gas,  and  does  not  flow  like  a 
liquid. 

Soluble  (s5l'u-b'l).  Capable  of  going 
into  solution.  Thus,  common  salt  is 
soluble  in  water. 

Solution  (so-lu'shim).  A  liquid  which 
contains  a  dissolved  substance.  A 
sugar  solution,  for  example,  may  be 
formed  by  dissolving  sugar  in  water. 

Sound  (sound).  What  we  hear  when 
sound  waves  reach  the  ears.  (See 
sound  wave.} 

Sound  wave  (sound  wav).  Vibration 
which  is  responsible  for  what  we 
call  sound. 

Steam  (stem).  An  invisible  water 
vapor  which  is  formed  when  water  is 
heated  to  the  boiling  point. 

Stem  (st6m).  The  portion  of  a  higher 
plant  which  develops  buds  and 
shoots.  Usually  (but  not  always) 
above  ground. 

Stomach  (sttim'ak).  Sac-like  organ  of 
the  digestive  system.  It  discharges 
into  the  intestine. 


Stratosphere  (stra/to-sffr).  Upper  por- 
tion of  the  atmosphere.  Begins  at  a 
height  of  four  to  five  miles  in  polar 
regions,  about  seven  miles  in  tem- 
perate zones,  and  about  ten  miles  in 
the  tropics. 

Substance  (stib'stans).  Matter  or  ma- 
terial in  any  form. 

Sulfa  drugs  (suPfa  dr&gs).  Any  one  of 
the  new  "sulfa"  drugs.  They  are 
substances  derived  from  coal  tar, 
which  are  very  effective  weapons 
against  some  germs. 

Telescope  (tel'6-skop).  An  instrument 
whose  lenses  can  be  used  to  make 
objects  out  in  space  visible. 

Thermometer  (ther-mom'S-ter).  An 
instrument  used  to  measure  temper- 
ature. 

Thorax  (tho'raks).  The  part  of  the 
body  cavity  which  lies  above  the 
diaphragm.  In  it  are  the  heart  and 
the  lungs. 

Tissue  (tish'u) .  An  organized  group  of 
similar  cells. 

Tourniquet  (tdor'm-ket).  A  device  for 
applying  pressure  so  as  to  stop  the 
flow  of  blood  from  a  wound. 

Vibration  (vi- bra/shun).  A  periodic 
motion  of  a  substance  or  a  medium. 
Thus  sound  waves  are  vibrations 
which  travel  through  the  air,  but 
they  may  also  travel  through  a  solid 
substance  such  as  wood,  or  through 
liquids. 

Virus  (vi'rus).  A  poison  or  other  sub- 
stance which  causes  a  disease.  Also 
used  in  speaking  of  filtrable  viruses, 
which  are  substances  that  will  pass 
through  porcelain  filters  and  still  re- 
tain their  ability  to  grow,  and  to 
cause  diseases. 

Vitamin  (vi'td-mm).  A  substance 
present  (in  small  quantity)  in  vari- 
ous foods,  which  is  needed  for  good 
nutrition. 

Vitamin  A.  Lack  of  this  vitamin  re- 
sults in  failure  to  grow  properly, 
and  in  certain  diseases  of  the  skin 
and  eyes. 

Vitamin  B.  A  group  of  vitamins  (Bi, 
B2,  etc.).  Lack  thereof  prevents 
normal  growth,  and  causes  the 
diseases  beri-beri  and  pellagra. 

Vitamin  C.  Lack  of  this  vitamin 
causes  the  disease  scurvy. 

Vitamin  D.  This  vitamin,  when  sup- 
plied in  sufficient  quantity,  prevents 
the  condition  known  as  rickets. 

Volcano  (v61-ka'no).  An  opening  in 
the  earth's  crust,  through  which  hot 
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materials  (steam,  rock,  lava)  are 
ejected,  or  a  mountain  at  least 
partly  formed  of  volcanic  mate- 
rials. 

Water  (wo'ter).  Reoresents  the  union 
of  the  gases  hydrogen  and  oxygen. 

Water  cycle  (wo'ter  si'k'l).  Water 
evaporates  from  oceans,  rivers,  and 


lakes  to  form  water  vapor  which 
condenses  as  clouds.  Rain  and 
snow  fall  back  to  the  earth  from 
clouds.  This  is  the  water  cycle. 

Weight  (wat).  The  force  with  which 
any  object  is  attracted  to  the  earth. 

Wind  (wind).  Any  noticeable  move- 
ment of  the  air. 
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Abdomen,  212 

Accidents,  229-237;  airplane,  232-233; 
automobile,  231-232;  in  the  home, 
233 

Acid  test  for  limestone  and  marble, 
107-108 

Adaptations,  137-142;  making  a  terra- 
rium  for  study  of,  141-142;  special, 
of  animals,  162-163 

Aerating  water,  79 

Air,  15-56;  and  animals,  45;  and 
boiled  water,  79;  and  breathing, 
38-44;  and  fire,  31-36;  and  oxygen, 
32;  and  sailplanes,  23-27;  and 
sound,  48-53;  a  real  substance,  16- 
31;  difference  in  weight  of  hot  and 
cold,  22;  effect  of  fire  on,  35-36;  ex- 
haled, 43-45;  force,  or  pressure,  19- 
31;  has  weight,  19-20;  how  it  keeps 
sailplane  or  glider  aloft,  23-27;  mov- 
ing air  can  do  work,  197-198;  neces- 
sary to  life,  38-43;  need  of,  by 
plants,  46-47;  takes  up  space,  16- 
18;  weight  of,  19-22 

Air  currents,  effect  on  sailplanes,  23-26 

Airplane  accidents,  232-233 

Airplanes,  1-2;  and  air  pressure,  29- 
30;  and  mosquitoes,  221 

Air  pressure,  19-31 

Alum,  dissolving  and  getting  out  of 
solution,  77 

Aluminum,  in  sea  water,  75 

Animals,  and  oxygen,  45;  classification 
of,  159-160,  161;  carbon  dioxide 
given  off  in  breathing,  45;  contrast- 
ing large  and  small,  136;  flesh-eaters, 
159-160;  foods  of  animals  and  fish, 
158-152,  how  they  get  their  foods, 
162-163;  need  of  oxygen,  45;  plant- 
eaters,  159;  raised  for  food,  141-145; 
raised  for  fur,  145-146;  testing 
amount  of  water  animal  drinks,  61; 
useful,  146 

Animals,  plants,  and  soil,  relationship 
of,  114-149 

Antiseptics,  234-235;  experiment  with 
iodine  solution,  and  with  alcohol,  234, 
237 

Anthracite,  107 

Artesian  well,  60;  making  a  model,  60- 
61 

Artificial  respiration,  applying,  240 

Atmospheric  pressure,  28-32 

Automobile  accidents,  231-232 


Bamboo  shoots,  153-154 

Bandages,  235-236;  making  simple, 
237;  using  with  pressure  pad,  240 

Bearings,  189 

Beliefs  of  scientists,  11 

Beriberi,  5-6 

Blood,  214;  examining,  218 

Bodies  tending  to  remain  at  rest,  187- 
188 

Body  defenses,  217-218 

Brain,  and  nervous  system,  215 

Breathing,  and  air,  38-45;  carbon 
dioxide  given  off  in,  44 

Broken  bones,  239-240 

Bubonic  plague,  and  rat  fleas,  221 

Burning  living  substance  to  find  con- 
tent, 132 . 

Burning  nut,  171 

Burning  sugar  tested  for  carbon  diox- 
ide, 46 

Burns,  236-237 

Camera,  value  of,  in  studying  science,  9 

Carbohydrates,  133,  169 

Carbona,  used  as  fire  extinguisher,  34- 
35 

Carbon  dioxide,  chemist's  test  for,  36; 
collecting,  from  ginger  ale,  79;  given 
off  by  man  and  animals  in  breath- 
ing, 44-45;  given  off  by  food,  46; 
given  off  by  plants,  48;  harmless  gas, 
36-37;  in  acid  test  for  limestone  and 
marble,  107-108;  produced  by  fires, 
35-36;  test  for,  36;  used  as  fire  ex- 
tinguisher, 33-34 

Carbon  monoxide,  dangerous  gas,  37 

Carbon  tetrachloride,  in  fire  extin- 
guishers, 34 

Cells,  how  they  are  built  and  replaced 
by  foods,  176-178;  in  green  plants, 
131;  in  human  body,  131-133,  212, 
211,  215;  studying  cells  of  mouth, 
176;  testing  stem  of  green  plant  for, 
133;  types  of,  131,  132 

Celluloid  from  cotton,  2 

Chest  expansion,  finding  and  making 
model,  43 

Chlorophyll,  128,  129,  156 

Circulatory  system,  214 

Cirrus  clouds,  69,  70 

Climate,  effect  of,  on  earth,  119-121 

Clouds,  forming  cloud  in  bottle,  68; 
how  formed,  67-70;  kinds  of,  69,  70 

Coal,  106-107 


Cod-liver  oil,  5 

Colds,    common,    223,    224-225;   and 

influenza,  225 
Comparing  effect  on  paper  of  butter, 

lard,    wet    starch,    wet    sugar,    egg 

white,  171 
Compound    microscope,    learning    to 

use,  130 

Condensation,  66-67 
Conglomerate,  104-105 
Conservation,  necessity  for,  147-149 
Controls,  use  of,  32,  38,  82 
Corn,  uses  of,  other  than  food,  145 
Crayfish,  153 

Crushing  a  tin  by  air  pressure,  31 
Cumulus  clouds,  69,  70 
Cuts,  how  to  treat,  235-236 

Defenses  against  germs,  216-218 

Dependent  plants,  129 

Devil's  Post  Pile,  111 

Dew,  70-71 

Diaphragm,  41,  212,  213 

Diets,  170 

Digestive  system,  213-214;  making  a 
chart,  215 

Disease,  and  insects,  219-222;  and 
mosquitoes,  220-221;  how  to  pro- 
tect the  human  body  against,  216- 
229 

Dissolving  substances  from  solution, 
77 

Distillation,  84 

Drugs,  sulfa,  sulfonamide,  3-4 

Ears,  care  of,  227-228;  studying  model 
to  see  how  sound  vibrations  pass 
from  drum  to  inner  ear,  229 

Earth,  changes  in,  88-122;  changes 
caused  by  climate,  119-121;  changes 
caused  by  glaciers,  117-119;  changes 
caused  by  water,  114-116;  changes 
caused  by  weather  and  wind,  111- 
114;  curvature  of,  90;  effects  of  heat- 
ing and  cooling  earth  materials,  93- 
95 ;  heat  causes  expansion,  93 ;  layers 
of,  91;  life  on,  91-92;  temperature 
of,  96-97 

Electrical  energy,  193 

Electric  organs  of  torpedo  ray,  139- 
140 

Energy,  ability  to  do  work,  191-192; 
and  work,  193-194;  electrical,  193; 
from  fuels,  195-196;  from  running 
water,  196;  from  food,  178;  ma- 
chine does  not  make  energy,  198- 
199;  muscular,  195;  of  animals,  195; 
of  burning  substances,  193;  sources 
of,  195-197 

Erosion,  147,  148;  investigating  effects 
of,  150 


Evaporation,  66-67;  testing,  67,76 

Examining  pond  material  under  mi- 
croscope, 130 

Exhaled  air,  43-45 

Expansion,  and  contraction,  95-96; 
caused  by  heat,  93 

Experimentation,  value  of,  to  scien- 
tists, 9-10 

Eyes,  care  of,  227;  testing  eyesight  by 
chart,  229 

Fainting,  239 

Falling  object,  speed  of,  184-185 

Fats,  133,  169;  test  for,  171 

Fevers,  224 

Filtering,  72-73 

Filter  paper,  72 

Fire,  adds  carbon  dioxide  to  air,  35-36; 
and  air,  31-32;  and  oxygen,  32-36; 
extinguishing,  32-35;  gases  given  off 
by,  36-37;  putting  out  fire  with  car- 
bona  and  with  carbon  dioxide  gas, 
34-35 

First  aid,  237-240;  learning  uses  of 
items  in  kit,  237 

Fish,  finding  what  they  eat,  158 

Fixed  pulleys,  200 

Flesh-eating  animals,  159-160 

Fog,  70,  71 

Food,  153-179;  and  teeth,  161,  163- 
164;  diets,  170;  fats,  169;  for  energy, 
growth,  and  repair,  176-178;  how 
plants  and  animals  use  food,  175— 
176;  how  plants  make  food,  157; 
iodine  test  for  starch,  169;  made  by 
green  plants,  157;  minerals  and  wa- 
ter, 170;  nature  of,  168-170;  nutri- 
ents, 168;  of  animals  and  how  they 
get  it,  158-163;  of  different  coun- 
tries, 165-167;  of  green  plants,  155- 
158;  of  man  and  how  he  gets  it,  163- 
167; preserved,  163;  protective,  171- 
175;  proteins,  169;  protoplasm  in, 
168;  sources  of,  156-157;  substances 
in,  168-175;  test  for  carbon  dioxide 
in  burning  sugar,  46;  vitamins,  171- 
175;  water  content  in  some  foods, 
63 

Food  substances,  169-175 

Force,  needed  to  move  objects,  186- 
187 

Force  of  gravity,  182-185 

Forcing  air  out  of  bottles,  devising 
ways  for,  19 

Forming  a  cloud  in  a  bottle,  68 

Fossils,  108-111;  how  they  are  formed, 
109-110;  making  impression  of,  110 

Friction,  189-191;  of  brakes,  191;  in 
pulleys,  201 ;  rolling  and  sliding  com- 
pared, 190-191 

Frost,  70,  71 
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Fuels,  sources  of  energy,  195-196 

Fulcrum,  201 

Fungi,  129 

Fur-bearing  animals,  145-146 

Gases,  36-37;  dissolved  in  water,  78; 
expansion  caused  by  heat,  93;  in  vol- 
canoes, 101.  See  also  Carbon  dioxide 

Germs,  209-210,  211,  218;  and  bu- 
bonic plague,  221;  and  houseflies, 
221-222;  and  mosquitoes,  220-221; 
defenses  against,  216-218 

Glaciers,  117-119 

Glider,  23-27;  making  a  model,  26-27 

Goiter,  74 

Grand  Canyon,  layers  in,  109 

Gravity,  183-186 

Great  Ice  Age,  120-121 

Green  plants,  basic  food  makers,  160; 
how  they  get  foods,  155-156 

Growth,  energy,  and  repair  of  cells,  due 
to  food,  176-178 

Hands,  human,  an  adaptation,  141 

Hard  water,  76 

Health  rules,  227-229 

Heart,  212,  213,  214,  215;  examining 
walls  and  chambers  of,  215 

Heat,  a  form  of  energy,  193-194; 
causes  expansion,  93-95;  causes 
solids  to  change  to  liquids  and  gases, 
96,  99 

Hot  and  cold  air,  weight  of,  22 

Houseflies,  221-222 

Human  body,  and  accidents,  229-234; 
general  care  of,  226-229;  heart,  214, 
215;  health  rules  for  care  of,  227- 
229;  how  to  protect  against  disease, 
216-229;  minor  injuries,  234-237; 
nature  of,  212;  systems  of,  213-215; 
tissues,  213;  use  of  thermometer  for 
taking  human  temperature,  223-224 

Human  foods,  163-168 

Human  teeth,  163-164 

Ice,  how  it  changes  the  earth,  117-119 
Icebergs,  118 
Igneous  rocks,  100-103 
Illness,  how  to  care  for,  223-225 
Immunity,  217 
Impulses,  212 

Influenza  and  colds,  224-225 
Insects,  and  disease,  219-222;  compar- 
ing sucking  and  chewing  types,  161; 
examining  mouth  parts,  222 
Intestines,  213 
Iodine,  and  goiter,  74 
Iodine  test  for  starch,  169,  171 
Iodine  test  on  protozoa  for  antiseptic 
effect,  234 


Kidneys,  212,  214 

Lavas,  101 

Levers,  201-204;  testing  ability  to  do 
work,  202-203 

Lime  and  scurvy,  5 

Limestone,  104;  acid  test  for,  107-108; 
(chalk),  dissolved  by  water,  114 

Liver,  212,  213,  214 

Living  substance,  132,  133 

Living  things,  126-151;  conservation 
of,  147-149;  differences  in,  134-137; 
examining  with  microscope  or  micro- 
projector,  130;  what  they  can  do, 
130;  finding  differences  in,  136;  how 
they  survive,  137-142;  similarities 
in,  131,  132 

Lubrication,  189-190 

Lungs,  212,  213-215;  how  air  enters, 
38-40;  model  of,  in  lamp  chimney, 
40 

Machines,   how  they  help   us  to   do 

work,  198-205 
Magnet,  overcomes  force  of  gravity, 

194 
Making  a  model  of  modern  highway, 

234 

Malaria,  and  mosquitoes,  220 
Marble,  107;  acid  test  for,  107-108 
Medicines,  218 
Megaphone,  candle,  and  smoke,  test  of 

sound  effects,  53,  54 
Metamorphic  rocks,  106-108 
Microscope,  value  of,  in  studying  sci- 
ence, 9;  compound,  learning  to  use, 

130 

Milk,  pasteurized,  216-217 
Milk,  value  of,  in  diet,  6 
Minerals  and  water,  170 
Minor  injuries,  234-237 
Moisture,  test  to  show  whether  plants 

give  off,  82 

Molten  rocks,  100-101 
Mosquito,    and    airplanes,    221;    and 

disease,    220;   control   of,    220-221; 

identifying  young,  219-220 
Motion,  force  needed  to  move  objects, 

and  stop  moving  objects,  186-188 
Movable  pulleys,  200-201 

Nervous  system,  215 
Newton,  Sir  Isaac,  188,  191 
Nimbus  clouds,  69,  70 
Nutrients,  168 

Observation,  value  of,  in  understand- 
ing science,  8-9 

Organs,  in  the  human  body,  212,  213 
Origin  of  pound  as  standard  of  weight, 
183-184 
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Oxidation,  178 

Oxygen,  and  fires,  32-36;  need  of,  by 

animals,  45;  dissolved  in  water,  79 
Oxygen-carbon-dioxide  cycle,  177-178 
Oxygen  generator,  31-32 
Oxygen  test,  32,  33 

Pancreas,  212,  214 

Peat,  106 

Petrified  forest  of  Colorado,  108 

Pictures,  study  of,  aid  in  understand- 
ing science,  8 

Plant-eating  animals,  159 

Plants,  ducts,  81;  finding  differences 
in,  136;  give  off  carbon  dioxide,  48; 
how  they  get  water,  80-81;  need  air, 
46-47 ;  potassium  nitrate  as  fertilizer, 
75;  raised  for  food,  144-146;  root 
systems,  80-82 ;  test  to  show  whether 
plants  give  off  moisture,  82;  useful 
plants,  146 

Plants,  soil,  and  animals,  relationship 
of,  144-146 

Plastics,  2-3 

Polished  rice,  cause  of  beriberi,  5-6 

Pond  life,  128-130 

Potassium  nitrate.  74 

Pound,  origin  of,  183-184 

Pouring  dry  sand  through  a  funnel,  19 

Preserved  foods,  163 

Pressure,  air,  20-31 

Pressure,  effects  of,  on  earth  materials, 
96-97;  affect  on  ice  cubes,  99 

Priers,  203 

Protective  foods,  175 

Proteins,  133,  157,  169 

Protoplasm,  living  substance,  133,  168 

Protozoa,  effect  of  alcohol  on,  237;  of 
iodine  on,  234 

Pull  of  earth,  182-184 

Pulleys,  199-201 

Pulls  and  pushes,  182-191 

Putting  out  fire  with  carbona,  and 
with  carbon  dioxide  gas,  34 

Pyrene  fire  extinguisher,  34 

Radium,  found  in  sea  water,  75 
Rat  fleas,  and  bubonic  plague,  221 
Reforestation,  143-144 
Removing  substances  from  solution, 

76-78 
Repair,  growth,  and  energy  of  human 

body,  176-178 

Resistance  of  moving  objects,  189,  201 
Respiratory  system,  214 
Review  questions  on  Air,  54;  Earth, 

122;  Energy  and  Sun,  205-206;  Food, 

178-179;  Health,  241;  Living  things, 

150;  Water  and  life,  85 
Rice,  polished,  cause  of  beriberi,  5-6 
Rocks,  effect  of  glaciers  on,  118-119; 


effects  of  heating  and  pressure  on, 
97-99;  effects  of  weathering  on,  112; 
fossils  in,  108-111;  igneous,  100- 
103;  in  Grand  Canyon,  109;  kinds 
of,  99-108;  metamorphic,  106-108; 
molten,  100-103;  sedimentary,  103- 
106;  volcanoes,  101-102;  why  they 
crumble,  113 

Rolling  and  sliding  friction,  compared, 
190 

Rubber,  synthetic,  2-3 

Sailplane,  23-27;  project  in  making, 
26-27 

Salivary  glands,  214 

Sand,  effect  of  wind  on,  112-113 

Sandstone,  103-104;  testing,  to  see  if 
porous,  106 

Science  clubs,  11 

Scientific  conclusions,  13 

Scientific  discoveries,  recent,  1-8 

Scientific  knowledge,  result  of  growth, 
4-8 

Scientist,  learning  to  work  as,  8-11 

Scientists,  beliefs  of,  11 

Scurvy,  lime  juice  preventive  of,  5 

Sea  water,  substances  found  in,  75 

Seaweed,  as  food,  154 

Sedimentary  rocks,  103-106 

Shale,  103 

Sharks,  as  food,  153 

Silver,  in  sea  water,  75 

Simple  sugar,  156 

Skin,  care  of,  228-229;  effect  of  skin 
on  water  content  of  potato,  64;  ex- 
amining pores,  229 

Slate,  107 

Sleep,  228 

Sliding  and  rolling  friction  compared, 
190 

Soil,  checking  erosion,  148-149;  fertile, 
148;  plants,  and  animals  in,  relation- 
ship of,  ] 44-146 

Solids,  carry  sound,  52 

Solutions,  73-77;  removing  substances 
from,  76-77 

Sound,  and  air,  48-53;  and  water,  53; 
causes  of,  48-51;  how  it  travels,  52- 
54;  makes  candle  flame  flicker,  54; 
megaphone,  candle,  and  smoke  test, 
54;  travels  in  air,  51-52 

Spinal  cord,  215 

Starch,  157;  iodine  test  for,  169,  171 

Steam,  64 

Steelyard,  making  and  using  a,  205 

Stomach,  212,  213 

Stomata,  finding,  157 

Stratus  clouds,  69,  70 

Stratosphere,  93 

Stream  pollution,  149 

String  telephone,  52-53 
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Substances  found  in  water,  71-75 
Sugar,  produced  from  carbon  dioxide 

and  water,  156 

Sulfa,  sulfonamide,  drugs,  3,  4 
Sun,  source  of  energy,  195-207 
Sunburn,  236-237 

Sunlight,  source  of  energy  for  food- 
making,  156 

Sunshine  has  energy,  197-198 
Survival  of  living  things,  137-141 
Synthetic  rubber,  2-3 

Teeth,  and  foods,  161,  163-164;  care 
of,  226,  227;  construction  of,  226;  ex- 
amining tooth  of  animal,  229 

Telescope,  value  of,  in  studying  sci- 
ence, 9 

Temperature,  effect  of  changes  in,  on 
rocks,  112;  normal,  of  human  body, 
223;  taking  with  clinical  thermome- 
ter, 224 

Terrarium,  141-142 

Tests  on  Units:  Methods  of  scientist, 
55;  Air,  55-56;  Water  and  life,  85- 
86;  Earth,  123-124;  Living  things, 
150-151;  Food,  179;  Energy  and 
Sun,  206-207;  Health,  241-242 

Tests  on  scientific  method  of  thinking, 
55,  123,  151,  206 

Thermometer,  for  human  tempera- 
ture, 223-224 

Thorax,  212 

Topsoil,  148 

Torpedo  ray,  140 

Tourniquet,  making  a,  238 

Variation,  tests  for,  133,  136,  137 

Venus  fly-trap,  140-141 

Vibration,  examples  of,  48,  49,  50 

Viruses,  225 

Vitamins,  5-7,  171-175;  discovery  of, 

and  experiments,  7;  meaning  of,  6; 

Vitamin  A,  6,  173;  Vitamin  B,  6,  7, 

173-174;  Vitamin  C,  6, 173;  Vitamin 

D,  6,  174 


Volcanoes,  101-103;  imitation  of  vol- 
canic eruption,  102 

Water,  aerating,  79;  and  life,  58-86; 
and  minerals,  170;  and  sound,  53; 
carries  sound,  53;  clouds,  67-71; 
dew,  frost,  and  fog,  70-71;  dissolves 
limestone  (chalk),  114;  dissolves 
many  substances,  72;  distillation, 
84;  earth's,  depths  of,  59-60;  earth's, 
where  found,  59-60;  effect  of,  on 
rocks,  112,  114;  evaporation  and 
condensation,  66-67;  formed  by 
burning  candle,  37-38;  forms,  or 
states,  of,  64-67 ;  freezing  causes  ex- 
pansion, 117;  gases  dissolved  in,  78; 
given  off  by  people  and  animals  in 
breathing,  45;  hard,  76;  how  it 
works,  115-116;  how  living  things 
get  water,  79-85;  in  living  things, 
62-63,  132,  133;  in  our  bodies,  83- 
84;  plants  obtain  through  roots,  80; 
removing  dissolved  materials  from 
solutions,  75-77;  sea  water,  75;  soft- 
eners, 76;  solubility  of  substance  in, 
71-75;  solutions,  72-77;  substances 
found  in,  71-75;  testing  amount  an 
animal  drinks,  64;  testing  character- 
istics of  three  forms  of,  65-66 ;  test- 
ing evaporation,  67;  will  not  put  out 
some  fires,  33 

Water  content  in  some  foods,  63 

Water  cycle,  the,  70,  196;  illustrated 
by  experiment,  194,  196 

Water  softeners,  76 

Weathering,  111-112 

Weighing  air,  19-22 

Wild  life,  protection  of,  149 

Wind,  effect  of,  on  earth's  surface,  112- 
113;  on  rocks,  112;  on  sand,  111-113; 
how  it  moves  sand  dunes,  113-111 

Wind  and  sailplanes  or  gliders,  23-26 

Winds,  weight  of,  good  and  bad,  20-21 

Work,  and  energy,  193-194;  what  it 
is  and  how  it  is  done,  182-197 
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INDEX     OF     EXPERIMENTS 


UNIT  II.    AIR  AND  You 

Air  has  weight,  19,  20 

Air  needed  for  fires,  31 

Air  pressure,  28 

Air  takes  up  room,  16,  19 

Burning  sugar  tested  for  carbon 
dioxide,  46 

Carbon  dioxide  given  off  in  breath- 
ing, 44 

Comparing  weight  of  hot  and  cold 
air,  22 

Crushing  a  tin  by  air  pressure,  30- 
31 

Devising  other  methods  to  force  air 
out  of  bottle,  19 

Finding  chest  expansion,  43 

Fires  produce  carbon  dioxide,  35-36 

Fires  use  oxygen,  35 

How  air  enters  lungs,  38-40 

Making  a  model  glider,  26 

Making  a  model  of  lungs  in  a  lamp 
chimney,  40 

Making  a  model  to  show  how  lift- 
ing ribs  expands  chest,  43 

Measuring  exhaled  air,  43 

Megaphone  and  candle  test  of  sound 
effects,  54 

Oxygen  generator,  31-32 

Oxygen  test,  32,  33 

Plants  give  off  carbon  dioxide,  48 

Plants  need  air,  46-47 

Pouring  dry  sand  through  a  funnel, 
19 

Putting  out  fire  with  carbona,  34 

Putting  out  fire  with  carbon  dioxide 
gas,  34 

Rubber  band  showing  vibration,  48 

Showing  that  musical  instrument 
vibrates,  50 

Sound  caused  by  motion,  48-51 

Sound  travels  in  air,  51-52 

Test  for  carbon  dioxide,  36 

Tuning  fork  moves  when  it  sounds, 
49 

Using  sound  to  make  a  candle 
flame  flicker,  54 

Water  collected  from  burning  can- 
dle, 37-38 

UNIT  III.  WATER  AND  LIFE 

Aerating  water,  79 

Amount  of  surface  exposed  affects 
rate  of  evaporation,  67 

Collecting  carbon  dioxide  from  gin- 
ger ale,  78-79 


UNIT  III.    WATER  AND  LIFE 

Dissolving  alum  and  getting  alum 

out  of  solution,  77 
Dissolving    substances    from    solu- 
tion, 76,  77 
Dissolving  sugar  or  salt  and  getting 

it  out  of  solution,  77 
Distilling  water,  84 
Evaporation,  testing,  67,  76 
Filtration,  73 

Forming  a  cloud  in  a  bottle,  68 
Gases  dissolve  in  water,  78 
Making  a  model  of  an  artesian  well, 

60-61 

Plants  give  off  water,  82 
Plants  obtain  water  through  roots, 

80 
Removing  substances  from  solution, 

76,  77 
Testing  the  characteristics  of  three 

forms  of  water,  65-66 
Testing   the   need   of   goldfish   for 

oxygen,  79 
Testing  the  solubility  of  common 

substances,  75 
Testing  two  potatoes  to  show  that 

skin  helps  to  retain  moisture,  64 
Water  in  living  things,  61 

UNIT  IV.  THE  CHANGING  EARTH 
Acid  test  for  limestone  and  marble, 

107-108 
Freezing    water   causes    expansion, 

117 

Heat  causes  air  to  expand,  95 
Heat  causes  expansion  of  wire,  93 
Heat  causes  liquid  to  expand,  93-94 
Heat  changes  solids  to  gases,  96,  99 
How  wind  moves  sand  dunes,  113- 

114 
Limestone     (chalk)     dissolved    by 

water,  114 

Making  an  artificial  fossil,  110 
Pressure    causes    pieces    of   ice    to 

stick  together,  99 

Showing  how  sediments  settle  in  lay- 
ers, 105-106 
Testing    rocks    to    see    why    they 

crumble,  113 
Testing   sandstone  to   see  if  it  is 

porous,  106 

Testing  soil  for  lime,  106 
What  proportion  of  a  floating  ice 
cube   extends   above   water   sur- 
face, 119 


UNIT  V.  LIVING  THINGS 

Burning  living  substance  to  find 
content,  132 

Examining  pond  material  under  a 
microscope,  130 

Finding  cells  in  plant  stem,  133 

Investigating  effects  of  erosion,  150 

Making  a  terrarium  to  study  adapta- 
tions, 141 

Testing  an  apple  or  other  fruit  for 
evaporation,  133 

Testing  plants  and  animals  in  an 
aquarium  for  differences,  137 

Testing  soil  for  types  that  are  car- 
ried greatest  distance  by  running 
water,  147 

Testing  variation  in  young  corn 
plants,  136 

UNIT  VI.  FOOD 

Classifying  animals  according  to  the 

things  they  eat,  164 
Comparing  effect  on  paper  of  butter, 

lard,  wet  starch,  wet  sugar,  egg 

white,  171 
Comparing    parts    of   sucking    and 

chewing  types  of  insects,  161 
Exhibiting  substances  rich  in  vita- 
mins, 175 
Finding  how  green  plants  get  food, 

157 
Finding  length  of  time  a  nut  will 

burn,  171 

Finding  stomata,  157 
Finding  what  fish  and  grasshoppers 

eat,  158-159 
Keeping   record   of  kinds   of  food 

you  eat,  167 
Making     exhibition     of     preserved 

food,  164 

Making  models  of  teeth,  164 
Studying  cells  of  the  mouth,  176 
Tests  for  starch,  169,  171 

UNIT  VII.  ENERGY  AND  THE  SUN 
Arranging     pulley     so    that    three 

pounds  will  lift  one  pound,  201 
Bodies  raised  above  ground  possess 

energy,  193 

Bodies  tending  to  remain  at  rest,  188 
Comparing  arrangement  of  pulleys, 

199-200 


UNIT  VII.    ENERGY  AND  THE  SUN 
Energy  of  magnets,  194 
Force  of  gravity,  183-185 
Force  required  to  move  objects,  186 
Friction  of  four-wheel  and  two-wheel 

brakes,  191 

Heat  a  form  of  energy,  192 
Making  and  using  a  steelyard,  205 
Moving  air  can  do  work,  197-198 
Rolling   and   sliding    friction,    189- 

190 

Sunshine  has  energy,  197-198 
Testing  ability  of  a  lever  to  do  work, 

202-203 

Testing  arrangement  of  pulleys,  200 
Testing  brakes,  191 
Testing    energy    or    ability    to    do 

work,  193 

Testing  speed  of  falling  objects,  185 
The  Water  Cycle,  194,  196 
Toys  possess  energy,  194 
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Applying  artificial  respiration,  240 
Effect  of  alcohol  on  protozoa,  237 
Effect  of  iodine  on  protozoa,  234— 

235 

Examining  blood,  218 
Examining  cells,  215 
Examining  mouth  parts  of  insects, 

2^2 

Examining  pores  of  skin,  229 
Examining  tooth  of  animal,  229 
Examining  walls  and  chambers  of 

the  heart,  215 

Identifying  young  mosquitoes,  219 
Learning  from  a  model  of  the  ear 

how  sound  vibrations  pass  from 

drum  to  inner  ear,  229 
Learning  uses  of  items  in  first-aid 

kit,  237 
Making  a  chart  of  motor  accidents, 

234 

Making  a  model  of  a  modern  high- 
way, 234 

Making  a  tourniquet,  238 
Making  simple  bandages,  237 
Taking  temperatures,  223-224 
Testing  eyesight  by  chart,  229 
Using  a  bandage  with  a  pressure 

pad,  240 
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